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PREFACE 


It was just twenty years ago, 
in the summer of 1963, that I began 
my study of the Pacific Northwest 
coastal sand dunes. At that time 
ecological awareness was just begin- 
ning to creep into the national 
social consciousness. In the years 
that followed, wetlands and shore- 
lines became the focus of widespread 
interest and concern. Coastal sand 
dunes shared in this focus from a 
number of perspectives. The sand 
dunes became increasingly valuable 
as real estate and as playfields for 
motorized recreation. They were 
also seen as great natural labora- 
tories where biological and geologi- 
cal processes could be observed in 
accelerated action. 


To be able to deal with these 
conflicting interests in something 
as complex as a natural ecosysten, 
responsible public agencies need as 
much information as possible. This 
is one of the main purposes of the 
community profile series of which 
this publication is a part. In put- 
ting together this profile, I have 
drawn on my many years experience 
with the sand dunes of the Pacific 
Northwest. I have also tried to 
locate as much of the great amount 
of published and unpublished mater- 
ia] on the dunes as possible. 


I have organized what I know 
and what I have learned from other 
sources into six chapters. The 
first gives general background in- 
formation and an overview of the 
area under consideration: the 
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Pacific coast from Cape Flattery, 
Washington, to Cape Mendocino, Cali- 


fornia. In the second I have sun- 
marized the environmental setting, 
emphasizing those factors involved 


in shaping the dune landscape. The 
third chapter is an attempt at a 
Classification system for dune 
forms, a subject of great interest 
to those studying inland dunes, but 
not yet applied to coastal dunes. 
The history of the dune processes of 
this area and the possible future 
course of events is the subject of 
the fourth chapter. In the fifth 
chapter I have put down ny present 
notions about the plant communities 
of the dunes. The result of an on- 
going, subjective classification 
process based on much looking and 
thinking, it is not likely that the 
list of communities contained herein 
will remain stable. This does not 
detract from their present useful- 
ness, however, since the shifts in 
view and thought are likely to be 
subtle and slow. This chapter also 
summarizes the wildlife habitats of 
the dunes and briefly characterizes 
each one. The last part of the 
sixth chapter on human impact empha- 
sizes management problems--the major 
concerns in looking at the dunes 
from the viewpoint of both the biol- 
ogist and the manager. 


The appendices include a con- 
plete list of the dune areas (local- 
ities) in the coastal region defined 
above, as well as lists of charac- 
teristic plants and animals. For 
these latter lists I have tried to 








avoid making a list for the sake of 
listing. I have included only those 
plants and animals that have actu- 
ally been observed in the plant con- 
munities and habitats of the dunes. 
For those who would like to take a 
detailed look at the dunes, I have 
included in the appendix detailed 
descriptions of two very different 
dune systems that I know very well. 
Visiting them would be a rewarding 
experience. 


Credits for maps, diegrans, 
photographs, and tables that are not 
my own are given in parenthesis at 
the end of the figure and table cap- 
tions. For each photograph I have 
included locality information § and 
the date it was taken. 


This description of the Pacific 
Northwest coastal dunes is by no 
means complete. In looking at some- 
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thing as complex as a sand dune eco- 
system, every bit of data fitted into 
the total known’ picture’ shifts 
the perspective and the interpreta- 
tion. It is my hope that this con- 
munity profile will start or add to 
that experience for anyone interested 
in the coastal sand dunes. 


A.M. Wiedemann 
30 September 1983 


Comments on or requests for this 
publication should be addressed to: 


Information Transfer Specialist 
National Coastal Ecosystems Team 
U.S. Fish and Wildlife Service 
NASA-Slidel] Computer Complex 
1010 Gause Boulevard 

Slidell LA 70458 

(504) 255-6511; FTS 685-6511 
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CHAPTER ONE 
INTRODUCTION 


Sand dunes--the very words 
conjure up images of vast seas of 
shifting sand barren of plants and 
hostile to human habitation. Hot, 
dry winds shape and arrange the sand 
in geometric and artistic patterns 
described by words such as barchan, 
transverse, star, blowout, dome, 
Stringer, seif, sheet, oblique, and 
parabolic. 


There are many areas in the 
world where sand dunes are a domi- 
nant feature of the landscape. Many 
of these areas are very large: the 
extremely dry interior deserts of 
the continental land masses such as 
the Sahara in Africa and the Victoria 
Desert in Australia. Even more 
numerous are the smaller, relatively 
narrow strips of sand along the 
Shores of oceans and large lakes. 


The climatic conditions of the 
sand dune areas of the world range 
from tropical to arctic. Precipita- 
tion also varies widely. The 
coastal dunes of Chile and Peru in 
South America receive no rain, while 
those along the west coast of Japan 
receive as much as 2,000 mm a year. 
Except in hot climates with 
extremely low rainfall, the dune 
landscape is not bare of vegetation. 
The cold, dry Taklamakan Desert in 
northeast China, the largest sand 
dune area in the world, has a 
Sparse but noticeable cover. of 
small] shrubs. The ground between 
the actively moving dune crests of 
the Simpson Desert in Australia is 


well covered by grasses and shrubs. 
Mature, productive forests cover the 
extensive coastal dunes on the Bay 
of Biscay in France. 


Because of their unique charac- 
teristics, dune areas have drawn the 
attention of many kinds of people. 
Geologists are interested in the 
sources of the sand and the processes 
involved in dune formation = and 
movement. Zoologists and botanists 
Study the adaptations of animals and 
plants to conditions that make the 
existence of life difficult. 
Engineers seek ways to control the 
active shifting sands. Artists 
attempt to record and_ interpret 
patterns and moods. People of many 
backgrounds are drawn by the raw, 
wild beauty of the dunes to see, and 
to feel, the forces of nature at 
work. 


In many parts of the world 
coastal dune areas also attract 
human populations because of the 


proximity of the dunes to the ocean 
and the ease of establishing habita- 
tion on them. This is especially 
true in Europe. There is an exten- 
sive literature dating back to the 
15th century on the description, 
use, and management of coastal 
aunes. The literature of the last 
75 yrs reveals intensive research on 
all aspects of European dune ecology 
and geography. 


Coastal sana dunes occur along 
both the Atlantic and Pacific 











coasts of North America. Those 
along the Atlatitic coast are mostly 
broad, low, sandy plains with gener- 
ally slight’ relief. The wind 
regimes are not very conducive to 
massive sand movement and accumula- 
tion, so that large, moving sand 
dunes are not frequently encountered. 
It is along the Pacific coast, and 
more especially the northern half of 
the Pacific coast, that the truly 
spectacular dune areas are found. 
Because of a fortuitous combination 
of geologic and climatic factors, no 
other dune area in North America 
offers such a range of dune forms 
and landscapes. Massive movin 

dunes of the kind characteristic o 

the great interior deserts are found 
along with dunes that are the result 
of sand and wind interacting with 
vegetation. The forests, meadows, 
marshes, and lakes of these dunes 
are the habitats of great numbers of 
animals and plants. 


The unique dune landscape of 
the Pacific Northwest coast has felt 
the impact of human activity only in 
comparatively recent times. Aborig- 
inal people used the dunes as a 
means of moving up and down the 
coast, and may have had settlements 
on some, especially on bays and 
estuaries. The first Europeans to 
reach the coast were attracted to 
the dune areas as places to estab- 
lish farms and towns. In California 
this occurred in the early 19th 
century. In Washington and Oregon 
it was not until the 1850's ihat 
settlement became extensive. Towns 
developed mostly on rivers, bay:, 
and estuaries. Agriculture wes 
taken up on the extensive grasslands 
of some of the dune areas. There 
was some mining of the dune sands, 
especially in southern Oregon and 
northern California. <A few parks 
were eStablished, and rather exten- 
sive areas in some places came under 
the ownership of public agencies 
such as the U.S. Forest Service and 


the Bureau of Land Management. 
Access to the coast was limited and 
difficult. The coast highway in 
Oregon was mt built until the 
1930's. The Alsea River bridge was 
completed in 1934; the Siuslaw River 
bridge, in 1936. The mouth of the 
ae River was not bridged until 


It was not until after World 
War II, the middle of the 20th 
century, that the coastal dunes came 
to be seen aS a major recreational 
and real estate resource. Increased 
incomes and accessibility to motor- 
ized transport both played = an 
important role in this. Privately 
Owned dune areas began to undergo 
commercial development, primarily 
for vacation home communities, but 
also for the expansion of existing 
communi ties. The abundant water 
resources of the dunes were ex- 
ploited. Extensive artificial 
Stabilization programs were initi- 
ated to keep sand from. filling 
rivers and lakes and from covering 
buildings and roads. Large areas 
were also planted to provide wild- 
life habitat. Recreational use 
increased dramatically, mostly by 
“off-road vehicle" enthusiasts. 


This increased commercial and 
recreational use poses problems ana 


concerns. The problems are related 
to development and construction: 
Siting hazards, erosion, drainage, 


waste disposal, and aesthetics. The 
concerns deal with the rational use 
of a limited land resource, with the 
conservation of plants and animals, 
and with maintaining the _ natural 
beauty of the landscape. The coast 
became the focus of planners. 
Coastal zone management plans were 
mandated. Local zoning ordinances 
spelled out in detail what could and 
could not be done on beaches and 
dunes. An attempt was begun in the 


late 1950's to set aside a large 
Seashore, 


dune area as a National 








but this failed. 


Scientific and technical in- 
formation about the dune areas has 
been limited in scope and amount. 
The most comprehensive works are 
those of Cooper (1958, 1967) on the 
geomorphology of the- Washington, 
Uregon, and California dunes; and 
Wiedemann (1966) on the plant ecolo 
of the Oregon dunes. Johnson (1963) 
and Parker (1974) provide informa- 


tion on the dunes of = northern 
California. Kumler (1963, 1969), 
Pinto et al. (1972), and USDA-SCS 


(1975) are other sources of informa- 
tion on the dunes. Many documents 
have been published that relate to 
specific situations or to planning 
and management concerns. Morgan 
(1980) and Fowler (1979) review this 
literature. 


PACIFIC NORTHWEST COASTAL SAND DUNES 


The coastal sand dunes. des- 
cribed in this report lie on the 
northwest Pacific coast of the 
United States, between the Straits 
of Juan de Fuca (49°N) on the 
north and Cape Mendocino (40°N) on 
the south (Figure 1). This is 
the U.S. Northwest Pacific Coast 
Region (H - Level I) of the U.S. 
Fish and Wildlife Services's physical 
regionalization of coastal ecosystems 
of the United States and its terri- 
tories (Terrell 1979; Proctor et al. 
1980). Dune systems occur primarily 
on the Pacific Northwest subdivision 
of the region (Hl - Level II), but 


some are included in the Columbia 
River Estuary subdivision (H2 - 
Level II). 


The region includes about 950 km 
of coastline: 264 km in Washing- 
ton, 500 km in Oregon, and 186 km in 
California. This stretch. of coast 
has considerable geomorphic diver- 
Sity: ocean-front mountain masses, 
high terraces, bays and their asso- 
ciated spits, low terraces with sand 


masses, and promontories are all 
prominent features. The trend of 
the coast is slightly west of south 
from the Columbia River to Cape 
Blanco in Oregon (43°N). North of 
the Columbia River the trend is 
almost exactly south. South of Cape 
Blanco the trend is south-southeast. 


Sand dunes are found along 82 km 
of coastline in Washington, 225 km 
in Oregon, and 92 km in California, 
a total of 399 km, or 42% of the 
total coastline. These sand dunes 
have formed since the last Pleisto- 
cene glaciation (discussed in 
Chapters 2 and 4). Their landward 
boundary is defined by an active or 
Stablilized ridge of unconsolidated 
sand which may have an _ incipient 
soil profile, but which does not 
show the red color of advanced 
Chemical weathering characteristic 
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of older sand deposits in this 
area. These older deposits are the 
result of earlier cycles of glacia- 
tion and can he seen in highway 
Cuts inland from the present dune 
activity. Although the current 
(post-Pleistocene) dunes advanced 
inland as far as 4 km in a_ few 
places, the inner mrgins’ more 
generally lie 1 to 2 km from the 
Shore. In many cases, relatively 
narrow sand spits define the dune 
areas. 


The sand dunes between Cape 
Flattery and Cape Mendocino occur 
both as small, isolated areas asso- 
ciated with bay and river mouths and 
as extensive areas on broad, sea-cut 


terraces. Cooper (1958, 1967) iden- 
tified 33 "localities", some of 
which are distinct units, others 


parts of more extensive units sub- 
divided on the basis of physiography. 
Cooper's locaiity names and numbers 
are retained except that his Cali- 
fornia Localities 1, 2, and 3 become 
Localities 31, 32, and 33 in this 
report. Figure 2 shows the major 
physiographic features and dune 
localities of the Pacific Northwest 
coast. A list of the dune locali- 
ties with locations and descriptive 
details is included in Appendix 1. 


Between Cape Flattery and 
Copalis Head in Washington, the 
mountain masses come right to the 
sea, and there is no receptive shore 
on which sand can accumulate. 
Localities 1 to 4 are all associated 
with the Columbia River. Parts of 
each of these form spits or penin- 
Sulas across Grays Harbor, Willapa 
Bay, and the Columbia River estuary. 


From Tillamook Head to Heceta 
Head on the northern Oregon coast, 
the dunes are all associated with 
rivers or bays (Localities 5 to 
18). The largest areas (Localities 
9 and 10) lie between Cape Lookout, 
a promontory extending 3 km out to 


sea, and the massive Cascade Head. 
Relatively large dune areas are also 
found at the mouths of the Nehalen 
(Locality 5), Yaquina (Locality 15), 
and Alsea (Locality 16) Rivers. 
Dunes at the outlets of creeks and 
small rivers, and bay spits, make up 
the rest of the localities. 


Sand dunes extend from Heceta 
Head south 86 km to Coos Bay (Cape 
Arago) in a continuous sheet broken 
only by the outlets of three major 
rivers (the Siuslaw, Umpqua, and 
Coos Rivers) and a few smaller 
Streams. Popularly called the "Coos 
Bay Dune Sheet", the area is sub- 
divided into tive localities (19 to 
23) of more or less uniform size. 
The boundaries are marked by Heceta 


Head, the Siuslaw River, Siltcoos 
River, the Umpqua River, Tenmile 
Creek, and the Coos River. This is 


the most spectacular of the dune 
areas along the coast, and the most 
visited. 


The dunes north and south of 
the Coquille river (Localities 24 to 
26) extend a total distance of 23 km 
along the shore. In breadth, height, 
and mass, however, they are much 
less impressive than the Coos Bay 
dunes to the north. From Cape 
Blanco to the California border, the 
dune areas (Localities 27 to 30) are 
all small and associated with small 
rivers and creeks. In California, 
dunes occur only on sections of the 
coast that trend west of south. 
This is very apparent at Localities 
31 and 33. 


At Crescent City (Locality 31) 
there is a very large, but low-lying 
dune area. The dunes at Big Lagoon 
(Locality 32) are mostly a_ very 
long, narrow strip of sand spit and 
bay bar across a series of large 
bays just north of Patrick's Point. 
At Humboldt Bay (Locality 33), the 
dunes again are primarily long, 
narrow bay spits. 
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Figure 2, The sand dune localities and major land features of the Pacific 


Northwest Coastal Region. 
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Towns and cities are located 
along the entire length of the coast, 
but few are very large. The largest 
population centers are Astoria, 
Oregon (10,244), in the north; Coos 
Bay-North Bend, Oregon (22,019), in 
the center; and Eureka-Arcata, Cali- 
fornia (33,222) in the south. All 
of the other towns, with one excep- 
tion, have populations of less than 
5,000. Forest products, marine 
fisheries, tourism, and limited 
agriculture are the basic industries 
of the larger towns. The smaller 
towns rely mostly on tourism. 


The entire coast is traversed 
by a major Federal highway, U.S. 
101, its route usually within a few 
kilometers of the shore. Frequently 
the ocean is in view. Drawn by 
Spectacular scenic views, deep-sea 
fishing, and an excellent system of 
county, State, and Federal camp- 
grounds, tourists come to the area 
in great numbers during the summer 
season from June to August. Because 
of limited public transport to the 
coastal region, most come by automo- 
bile. 


Information available to the 
public about the natural history of 
the coastal region and the dunes is 
extremely limited. Yocum and Dasmann 
(1965) provide an introduction to 
the Pacific coastal wildlife region. 
Horn (1980) and Munz (1964) describe 
Pacific coast wildflowers. Becking's 
(1982) illustrated flora of the red- 
wood forests includes common coastal 
plant species of southern Oregon and 
northern California. Wiedemann et 
al. (1969) briefly describe the dune 
forms and provide an identification 
key to the most common Oregon sand 
dune plants. 


This community profile repre- 
sents an initial attempt at provid- 
ing an overall picture of the Pacific 
Northwest coastal dunes. In addition 
to a description of the environment, 
dune forms and systems, dune pro- 
cesses, flora and fauna, and human 
impacts, it includes guides to rele- 
vant field sites (Appendix II). 
These sites were chosen to permit 
the observation of as many dune 
features as possible with a minimum 
of travel and searching. 














CHAPTER 2 
ENVIRONMENT 


The coastal sand dune landscape 
is the product of geologic events 


that have occurred in the past and’ 


continue to the present, of wind and 
water movement, of sediment supply, 
and of the effects of vegetation. 
Other forces are at work also, such 
as soil formation, fire, and human 
activity, but these tend to modify 
the landscape rather than create its 
basic form. 


LAND 


The geologic history of the 
Pacific Northwest Coastal Region is 
complex. Three geologic provinces 
are included: the Olympic Mountains 
to the north, the Coast Ranges from 
central Washington to southern 
Oregon, and the Klamath Mountains in 
southern Oregon and northern Cali- 
fornia. Only brief accounts of the 
history of these areas will be 
included here. More extensive treat- 
ments can be found in Flint (1971), 
Emery and Milliman (1968), Franklin 
and Dyrness (1973), Proctor et al. 
(1980), and Cooper (1958, 1967). 


The Olympic Mountains are made 
up of two volcanic belts which 
encircle a large interior area con- 
taining sedimentary rocks. The 
outer belt was formed in the Eocene, 
while the inner was deposited late 
in the Mesozoic, 100 mya (million 
years ago). These mountains rise to 
3500 m and meet the sea in spectac- 
ular, erosion-resistant sea cliffs 
which have not permitted formation 


of the broad beaches and terraces 
necessary for the development of 
sand dunes. 


The Coast Ranges extend from 
the Willapa Hills of Washington 
south to the Klamath Mountains in 
southern Oregon. They are charac- 
terized by Tertiary and Pleistocene 
sedimentary depositions and igneous 
intrusions. The sedimentary forma- 
tions had their origin in the early 
Eocene, 53 mya, when a eugeosyn- 
cline’ occupied the area from the 
Klamath Mountains (42°N) north to 
Vancouver Island and east to the 
resent day Cascade Mountains (about 
50 km inland). 


The initial deposits were 
volcanic in origin, but by middle 
Eocene, 45 mya, uplift activity to 
the south and subsequent erosion 
contributed arkosic (feldspar and 
quartz) sands as marine deposits for 
a considerable distance northward. 
Volcanic activity persisted through- 
out the Eocene so that igneous 
materials are frequently interbedded 
with the sedimentary layers. By 
late Eocene, 3/7 mya, tuffaceous 
(volcanic origin) silts and clays 
began to be deposited by the streams 





lThe seaward part of a  geosyn- 
cline, which is a linear downwarp in 
the earth's crust more than 1000 km 
long with thick accumulations of 


sediments. 
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and rivers flowing from the surround- 


ing highlands. The deposition 
continued and increased considerably 
during the Oligocene and into the 
Miocene, 37 to 16 mya, when arkosic 
sands and silts were also laid down 
in great amounts. 


During middle Miocene, vigorous 
volcanic activity formed many of the 
basaltic intrusions and headlands 
which remain today as _ erosional 
remmants. Toward the end of the 
Miocene, 7 mya, uplift began which 
was to form the Coast Range. This 
uplift reached its maximum height 
during the Pliocene, 7-2 mya, when 
peneplanation (erosional lowering 
and leveling) began. The erosion of 
the thick sedimentary beds was 
rapid, resulting in today's low, 
rounded mountains reaching at most 
500 m elevation. The easily eroded 
rock also permitted the development 
of the extensive wave-cut terraces 
on which the present sand dunes have 
devel oped. 


The Klamath Mountains are old 
and geologically complex. Their 
history begins in the Paleozoic, 500 
mya, with the deposition of volcanic 
and sedimentary rocks. Metamorpho- 
sis and folding were followed by 
additional deposi tion in the 
Triassic, 200 mya. Extensive meta- 
morphism followed. During the 
Jurassic, 150 mya, more sediments 
were deposited, and these were 
subsequently intruded by ultramafic 
(rich in iron with little feldspar) 
and granitic volcanic rock. In the 
early Cretaceous, 130 mya, additional 
deposition of sediments, followed by 
folding and deformation in the 
middle Cretaceous, occurred. Exten- 
Sive peneplanation occurred in the 
Miocene and Pliocene, 26 to 2 mya, 
resulting in the present day topo- 
graphy. Because of the erosion- 
resistant rock, the development of 
terraces suitable for the develop- 
ment of sand dunes has been somewhat 
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limited, and extensive terraces are 
found only in a few places. 


Sea-level changes, the result 
of both land (tectonic) and water 
(eustatic) rise and fall, have played 
a significant role in the history of 
this area. During the late Pliocene 
and early Pleistocene, 1 mya, there 
occurred a period of extreme submer- 
gence, indicated by wave-cut 
terraces found as high as 450 om 
above present sea level. Subsequent 
uplift lowered the shore line to 
about 90 m below present sea level, 
and it was during this period that 
the rivers and streams cut their 
trenches across the continental 
shelf. Resubmergence then took 
place again. Attempts to correlate 
eustatic activity with the many 
terraces found at many elevations 
along the coast are complicated by 
the instability of the Coast Ranges 
(Russell 1970). 


Eustatic activity since late 
Pleistocene is associated with the 
cycles of glaciation of that period; 
and the last major lowering of the 
shore line, to about 140 m below 
present sea level, coincides with 
the maximum of the last, = or 
Wisconsin, glaciation (about 18,000 
yrs ago). Each cyclic resubmergence 
resulted in sand dune activity in 
places where the shore topography 
permitted. Earlier dune areas were 
usual ly obliterated by later 
activity. In some places’ the 
earlier dunes extended farther 
inland and still remain. They are 
usually called “Pleistocene dunes" 
and can be distinguished by their 
reddish color and iron concretions 
(Figure 3). As the glaciers melted 
after the last (Wisconsin) maximum, 
sea level rose, bringing about the 
latest episode of dune activity. 
This rise has been’ termed the 
"Flandrian transgression" and the 
dunes resulting the “Flandrian 
dunes" (Cooper 1967, p. 7). 




















Figure 3. 


Exposure of Pleistocene 
sand along the beach at Sand Lake, 
Locality 9. This compacted, 
weathered, darker sand serves as 
substratum for the post-Pleistocene 
(Flandrian) dunes. 1965. 





CLIMATE 


The climate of this coastal 
region is marine, and aithough it 
appears to be remarkably wiifors 
throughout, there are shifts that 
are reflected in the dune systems 
and in the vegetation. Breckon and 
Barbour (1974), using the unmodified 
Koeppen system, show a shift ia 
climate at 46°N latitude: To the 


north it is Cfb--mesothermal with no 
ary season, while southward it is 


-Mgdi terranean with a summer dry — 


period“, fT rature and ipi- 
tation data for three stations Pin 


the coastal region are summarized in 





“after Trewartha (1954): C - humid 

mesotherial, coldest month between 

18°C and O°C; f - no dry season; 

driest month over 6 cm ppt; s-d 
riod in sumver; b - warmest mon 
low 22°C. 





Tabie 1. Although the differences 
seem slight, the decreased precipi- 
presen southward is effective in 

creat changes in the dune flore. 
i however, even with 80% of 

the precipitation occurring in the 
winter months, the temperature and 
moisture regimes are very conducive 


to plant growth. 


The seasonal pattern of temper- 
ature is the result of proxini Yin 
the ocean, which has a modi 
effect in preventing seasona 
extremes. The precipitation ttern 
reflects the seasonal in 
offshore atmospheric * pressure 
systems. In es the tian 
Low, a series of low-pressure cen- 
ters that passes over the North 











Pacific, dominates the weather 
pattern. These low-pressure centers 
are responsible for the frontal 
storms t move over the coast in 
winter, bring'ng heavy rains and 
strong to southwesterly 
winds. In summer the North Pacific 
High dominates, bringing fair 
weather and north-northwes terly 
winds. Also, in summer the iard-sea 


breeze effect contributes winds that 
reach high velocities in the 
afternoons. 


While this general pattern 
holds for the entire coastal fon 
there is a definite shift ard 
ir the all-year ce of the 
northerly components. In Washi 
and Oregon, both the northerly winds 
of summer and the southerly winds of 
er are he ede in the dune- 
0 - In southern 
and Torthern California only 
northerly winds, acting Ly, Pgg 

std a 


of the year, are important. 

the result both of 

frequency of winter tile te Siena 
and of the change in coastal trend. 
The differences in wipe regimes are 
illustrated in Figure MR = 
from two seetionet 1 es 

bererel Oregon coast, Pt. ire, 
























Table 1. Average annual, July, and January precipitation and temperature for 
three stations on the Pacific Northwest coast. Note the decrease in annual 
precipitation between North Bend and Eureka. (From Cooper 1958, 1967.} 


















































PRECIPITATION 
Annual July January 

Station cm in cm in cm in 
North Head 147.8 59.10 2.4 0.96 22.0 8.78 
46°18'N 

North Bend 160.3 64.13 1.2 0.49 27.3 10.90 
43°25'N 

Eureka 91.0 36.35 0.2 0.09 15.5 6.20 
40°47'N 

TEMPERATURE 
Annual July — January _ ___ Range 

Station i °F as °F a oF a od 
North Head 10.0 50.0 13.9 57.2 §.6 42.1 8.4 15.1 
46°18'N 

North Bend 10.9 51.9 15.1 59.4 6.7 44.2 8.4 15.2 
43°25'N 

Eureka 11.2 52.3 13.4 56.4 8.4 47.2 5.1 9.2 
40°47'N 
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in northern California, 2° south of 
Cape Mendocino, but representing the 


general si tuation in northern 
California. 
Another factor in the wind 


regime pattern is the presence of 
Sheltering headlands and capes. On 
the north and central Oregon coast 
this sheltering effect is seen in 
the northeasterly trend of almost 
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Figure 4. Wind regimes for two 


locations along the Pacific North- 
west coast, central Oregon (Newport) 
and northern California (Pt. Arena). 
Numbers refer to total velocity (sum 
of all measured velocities) for a 
given compass direction. The dotted 
line (..... ) shows the trend of the 
coast. The solid line ( ) and 
the dashed line (----- ) refer to 
January and July winds, respectively. 
(Redrawn from Cooper 1967.) 





all of the dune systems north of 
Florence. In these situations the 
northerly summer winds have minimum 
influence, and the southwest winds of 
winter are considered unidirectional 
effective winds. In other places 
the summer winds are the effective 
winds. 


In some situations the shelter- 
ing effect does not readily explain 
the unidirectional effective wind 
(such as the situation just south of 
Heceta Head (Locality 19) where, 
contrary to what one might expect, 
the effective winds are the summer 
northwesterlies). 


Clouds and fog are _ present 
throughout the year, with cloudy 
skies occurring on half the days of 
the year. Fog becomes increasingly 
common southward, especially during 
summer, occurring on nearly half the 


days of June through September. 
This phenomenon is limited to the 
immediate coastal strip. Subsidence 


inversions (caused by the compres- 
sion warming of sinking air) trap 
cooler surface air. The strong 
summer northerlies cause upwelling 
of cold water near the coast. This 
cold water cools the marine air just 


above it, causing fogs (Figure 5). 
‘« wn 

| 

Figure 5. The development of coast- 

al fogs. Subsiding air over the 


coast produces a persistent upper- 
air temperature inversion, trapping 
cool air and fog in a surface lwer 


near the shore. (Based on Strahler 
and Strahler 1978.) 
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These fogs usually dissipate later 
in the day, but may last for days at 
a time. 


HYDROLOGY 

Rivers, ocean currents and 
waves, and precipitation are all 
part of the complex hydrological 


System operating in the dune land- 
scape. Numerous rivers and streams 
discharge sediment-loaded flows into 
the ocean (Table 2). The gauged 
drainage area of 26 coastal rivers 
in the region totals 745,823 km 
of wiich the Columbia River accounts 
for 661,838 km or 89% of the 
total. The measured mean annual 
rate of. discharge of these rivers is 
9754 m/sec of which the Columbia 
River's discharge is 7222 m/sec 
or about 74%. Little information is 
availabie on the amount of sediment 
actually carried by the rivers and 
of their importance in creating and 
maintaining the present-day dune 
landscape. There can be no doubt 
that the sediment loads of the 
Columbia River are2 responsible for 
the dune systems of Localities 1 to 
4. The situation is more complex, 
however, along most of the rest of 
the coast where the rivers are 
small and presumably carry a much 
smaller total sediment load. 


Once discharged into the ocean, 
sediments that do not immediately 
settle to the bottom are transported 
north and south along the coast. 
The principle ocean current pattern 
is provided by the Subarctic Current 
which moves east across the Pacific 
Ocean driven by the prevailing west- 
erlies (Figure 6). As it approaches 
the northwest coast of North America 
it divides to flow north and south. 
The southern branch becomes the 
California Current, about 150 km 
wide. Its flow in summer, boosted 
by the northwest winds, is about 10 
cm/sec. In winter the southward 
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flow is interrupted by the northward- 
flowing Davidson Current, moving at 
25-45 cm/sec. This current, 90 km 
in width, flows between the shore 
and the California Current. It is 
thought to be the surface expres- 
Sion, perhaps in response to the 
southerly winds of winter, of the 
northward, year-round, deep-flowing 
California Undercurrent. 


Whiie these currents are very 
influential in the general movement 
of sediments along the coast, long- 
shore currents are probably more 
important at the local level and in 
short-term shoreline processes. 
Longshore currents operate in the 
surf zone and are generated by waves 
striking the shore at an = angle 
(Bascom 1964, p. 218-219). When 
this happens, part of the wave's 
energy is dissipated as an impulse 
to the water in a direction parallel 
to the shore. With the breaking of 
many waves, a chain of impulses is 
set in motion which moves. sand 
Steadily along the shore (Figure 
7). In summer the longshore current 
moves southward; in winter it moves 
northward. Because of the strong 
winter wave activity, the net move- 
ment of sediments by  tlongshore 
currents is northward along the 
Oregon and Washington coasts (U.S. 
Army Corps of Engineers 1971). In 
northern California, however, 
because of the trend of the coast- 
line and the slightly different wind 
regime, net longshore movement seems 
to be toward the south (Cooper 1967, 
p. 17). 


In some places, where there are 
shallow offshore sand bars, or where 
the waves approach the beach 
parallel to the shoreline trend, rip 
currents are created (Figure 8). A 


circulation pattern develops’ in 
which the longshore currents will 
flow in two directions toward 


troughs or low points in the beach 
profile which carry the water off- 
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Table 2. Mean annual river discharge into the Pacific Ocean from northern 
California, Oregon and Washington ocean drainage basins. Only gauged river 
basins having a mean annual discharge of at least 10 m/sec are considered. 
(From Proctor et al. 1980.) 

















Gauged Measured Mean 
Drainage Area Annual Discharge 
:; : ;' : 2 . 10° acre 

Sub- region River Basin km mi m /sec ft/yr 
Washington Queets River basin 1150 443.8 117 2.99 
coast, north Quinault River basin 684 264.0 79 2.02 
Hoh River basin 655 252.8 71 1.82 

Quillayute River basin 990 382.0 62 1.59 

Dickey River basin 223 86.1 14 0.36 

Washington Chehalis River basin 4700 1813.8 220 5.63 
coast, south Humptulips River basin 337 130.0 37 0.95 
North River basin 567 218.8 27 0.69 

Willapa River basin 409 157.8 24 0.61 

Naselle River basin 231 89.1] 15 0.38 

Columbia River basin 661838  255406.2 7222 184 .69 

Oregon Nehalem River basin 1730 667.6 77 1.97 
coast, north Wilson River basin 417 160.9 34 0.87 
Nestucca River basin 236 91.1 28 0.72 

Trask River basin 376 145.1 27 0.69 

Oregon Alsea River basin 924 356.6 5] 1.30 
coast, Siletz River basin 524 202.2 45 1.15 
central Siuslaw River basin 882 340.4 25 0.64 
Oregon Rogue River basin 12800 4939 .6 302 7.72 
coast, Umpqua River basin 10100 3897 .6 228 5.83 
south Coquille River basin 1960 756.4 70 1.79 
California Smith River basin 1670 644.5 106 2.71 
coast, north Klamath River basin 31400 12117.4 564 14.37 
Eel River basin 8950 3453.8 234 5.98 

Mad River basin 1260 486.2 44 1.13 

Redwood Creek basin 720 277.9 31 0.79 
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SUMMER 





Figure 6. Ocean currents along the Pacific Northwest coast. The halocline is 
a vertical zone in which the salinity changes rapidly, in this case increasing 
with depth. (U.S. Army Corps of Engineers diagram reproduced from USDA-SCS 
1975.) 
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Figure 7. Longshore or littoral 
currents. The dotted lines at the 
top show the path of sand grains in 
their movement (to the right) with 
+ at (Reproduced from Bascom 
1964. 
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Figure 8. Rip currents are created 
when waves break parallel to the 
Shore or on a shallow bar. (Repro- 


duced from Bascom 1964. ) 
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shore as a fast, narrow current. 
Once established, the current 
deepens the trough, and it can 
develop eventually into a_ deep 
embayment in the beach. In severe 
storms, large waves break ashore 
over the deeper rip-current  embay- 


ment with less loss of enercy. The 
resulting force with which the waves 
hit foredunes or seacliffs can cause 
massive erosion. 


currents and rip 
Currents in any one place are a 
function of wave energy, shore con- 
figuration, and shoreline orienta- 
tion (trend). Their occurrence and 


effect is difficult to predict. or, 
where known, cannot be _ considered 


Stable. 


Longshore 


While the rivers and _ ocean 
Currents supply the sands that are 
the foundation of the dune land- 
scape, water in the form of precipi- 


tation is an important agent in 
Shaping that landscape. The high 
rainfall, 150 cm or more a year 


along much of the region's coast, 
maintains a high water table that 
creates lakes and ponds and stable 
Sand surfaces, and provides condi- 
tions favorable for plant growth. 


In addition, the dune sands act 
as reservoirs of “fresh water. 
Considerable work has been carried 
out investigating their potential as 
a water resource. Work by Frank 
(1968), Schlicker and Deacon (1974), 
the University of Washington (1974), 
Robison (1973), Christenson and 
Rosenthal (1982), and others have 
shown that the dune aquifers range 
from 35 m to 70 m in thickness. The 
water table is the top of the ground- 
water zone, which is bounded to the 
east by the basal bedrock of the 
coastal mountains. It extends west 
under the ocean, forming an inter- 
face with salt water above it in a 
curving lens (Figure 9). Because of 
the uniform nature of these aquifers 
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Figure 9. Cross section 


of ground water. 


the dune surface with the water table. 


(clean sand), most precipitation 
soaks rapidly into the ground with 
minimal loss to evaporation and run- 
off (no streams originate in the 
dune areas). The ground water 
drains either to adjacent lakes and 
streams or into the ocean. It is 
estimated that with a_ recharge 
rate? of 138 cm/yr , some 15,000 
m°’/ha/yr (200,000 ft’/ac/yr) or 
15,200,000 1/ha/yr (1 ,600 ,000 
gal/ac/yr) would be available for 
use (Christenson and Rosenthal 1982). 


The water is of generally good 


chemical quality (Schlicker and 
Deacon 1974). It tends to. be 





‘Net infiltration from 159 to 12 
cm/yr precipitation, the remainder 
lost to evaporation and surface run- 
off. 
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through a dune aquifer showing inferred movement 
Note that Spirit Lake is formed by the intersection of 


(Reproduced from Robison 1973). 


somewhat acidic (pH 5.7-6.2), and in 
some cases, dissolved iron exceeds 
the desired maximum limit. It comes 
out of the ground at a temperature 
of about 13°C, and is mostly color- 
less and clear. In a few cases it 
has a light brown color from peat 
material buried in the sand. This 
seems to be a local condition. A 
number of places along the coast 
(such as the Clatsop and Florence 
areas) rely heavily on the dune 
aquifer for domestic water supplies. 


SUBSTRATE 


The immediate sources of sedi- 
men:s that ultimately form the dune 
landscape are the outflow’ from 
rivers and the erosion of shore 
formations exposed to wave attack. 
The sedimentary formations of the 
Oregon coast are particularly 
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Susceptible to erosion, as are the 
exposed parts of the dune systems 
already in existence. 


An analysis of sands from the 
Oregon coastal dunes  (Twenhofel 
1946) shows that in most samples 99% 
of the particles are in the 0.5 to 
0.12 mm size range (medium to fine 
sands), with 80% of the grains at or 
near 0.25 mm (Schlicker and Deacon 
1974). This is characteristic of 
wind-blown dune sands in other parts 
of the world (Ranwell 1972, p. 154). 
The composition of these sands is 
primarily (70% to 90%) quartz and 
feldspar, while heavier, darker 
minerals occur in minute amounts. 
The color of the sand varies 
Slightly from place to place, rang- 
ing from light yellowish brown to a 
darker brownish gray. The darker, 
heavier sediments, products of the 
erosion of basaltic and metamorphic 
rocks, tend to be concentrated 
toward the beaches. In southern 
Oregon and northern California the 
high concentrations of coarse, dark 
sediments result in black beaches 
and dunes in some areas. The 
lighter colored sands of the north 
and the darker sands of the south 
are shown in the frontispiece. 


Dune sands are very poor 
soils. There is no accumulation of 
organic matter, nutrient status is 
so low it cannot be effectively 
measured, and reaction is about 
neutral (Tables 3 and 4). Because 
of the high rainfall and rapid 
drainage, salinity is not- an 
important factor in dune soils even 
on areas just above the beach. 


Under long-established conifer- 
ous vegetation, a true soil begins to 
develop. The soil profile’ is 
characterized by a thin, very dark 
grayish-brown surface horizon (or 
layer), grading into a_ lighter 
grayish-brown horizon and finally 
into the yellowish-brown color of 


the original dune sands’. The 
first two layers can vary in depth 
from 12 to 50 cm. These soils are 
acid in reaction (pH 5.1 to 6.0), 
have excessive drainage, and are low 
in nutrients and humus. 


On the lower areas, imperfectly 
drained soils develop which have a 
thin surface layer of dark gray to 
almost black organic matter under 
which is grayish sand. There may be 
Stains of yellowish-brown and _ iron- 
cemented nodules deeper in the gray 
sand. These soils are very acid (pH 
4.5 to 5.0) and poor in nutrients 
and humus. With —long-continued 
Standing water and plant growth, 
extremely acid peat soils” will 
develop, with partially decomposed 
organic material reaching a depth of 


1.5 m. Table 5 summarizes profile 
characteristics for typical dune 
Soils. 
PLANTS 


Plants are important agents in 


the shaping of the coastal dune 
landscape. They act in two ways. 
First, they can initiate the 


aevelopment of a particular dune 
form, either by “actively” interact- 
ing with the wind-blown sand, or 
Simply by their presence, a sort of 
"passive effect. Secondly, plants 
act as stabilizers of sand surfaces 
by protecting them from the erosive 
force of the wind. 





‘Colors in profile descriptions 
are based on specific samples, some- 
times on dry, sometimes on wet 
Samp les. The descriptions given 
here and in Table 3 were developed 
from several sources and are pre- 
sented for illustrative purposes 
only. 
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Table 3. Chemical analysis of beach, moving dune, stabilized ridge, defla- 
tion plain, and dune forest soils near Arcata, California. Samples were 
taken from a 30-cm depth. Data are in parts per million except for pH and 
humus. (From Johnson 1963). 











Substance 
Site pH — NH, NO3 P50, K,0 Ca Mg’ Na SO, HCO, Cl Total N 
Beach 8.2 0.27 1.7 WW #46 6 37 =12~= « 67 8 146 = 63 112 
Foredune 7.1 0.74 1.4 9 7.8 12 24 12 3 8 98 28 350 


Moving dune 6.8 0.35 0.9 3 0.3 12 2 WW 20 8 85 21 126 
Stable ridge 6.5 2.27 1.9 2 7.7 128 41 9 26 12 122 2 1134 
Deflation plain 5.9 2.08 5.9 4 1.7 6 4 2 89 136 171 (105 684 





Dune forest 5.6 7.48 3.0 165 7.3 H 53 22 57 8 134 48 8 1988 


Requirements of 6.0- 1+ - 25 10 40 100 20 10 10- - 200 700 
a good soil 7.0 1000 





Table 4. Chemical analysis (pH, organic matter, and total salts) of foredune 
and deflation plain soils along a transect near Carter Lake on the central 
Oregon coast. (From Wiedemann 1966.) 











Distance from Organic matter Total salts 
Sample Site high tide line (m) pH (%) (mmhos /cm ) 
Windward slope 27 7.4 0 1.63 
of the foredune 
Crest of the 78 7.0 0.12 0.13 
foredune 
Lee slope of the 136 5.8 0.36 0.10 
foredune 
Deflation plain 296 5.5 0.18 0.1] 
Deflation plain 482 5.9 0.36 0.10 
hummoc k 
Inner edge of the 528 5.6 0.60 0.11 
deflation plain 
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Table 5. Characteristics of typical dune soils of the Northwest Pacific 
Coastal Region. (Sources: Bowlsby and Swanson 1964; University of Wash- 
ington 1974; USDA-SCS 1975; U.S. Department of Agriculture, Soil Conserva- 
tion Service, Portland, Oregon, Official series descriptions; A.M. Wiede- 
mann, yine Evergreen State College, Olympia, Washington, unpublished field 
notes. 





Dune forms where the 





General soil type Profile description type is typically found 
1. Active sand Surface - Bare or thin layer of Foredune, sand hummock, sand 
dunes undecomposed leaves, plain, parabola dune, blowout, 
needles, and twigs. transverse dune, oblique dune 
0-150+ cm - Yellowish-brown to gray retention ridge, deflation 
fine sand. plain (in part). 
2. Recently stabi- Surface - 2 to 8 cm undecomposed Dune ridge, sand plain, rem- 
lized dunes and partially decom- nant forest mound. 
posed leaves, needles, 
and twigs. 
0-12 cm - Very dark gray fine 
sand. 
12-50 cm - Yellowish-brown fine 


sand with a few reddish- 

brown and yellow stains 

along root channels. 
50-150+ cm - Yellowish-brown fine sand. 


3. Old stabilized Surface - 2 to 8 cm undecomposed and Dune forms obliterated by long- 
partially decomposed term erosion. These soils 
leaves, needles, twigs. represent Pleistocene dune 

0-12 cm - Grayish-brown sandy loam. activity and are commonly seen 
12-50 cm - Reddish-brown sandy loam in highway cuts. 


with iron-cemented nodules 
and hard-pan fragments. 
50-100 cm - Brown to pale brown loam 
with cemented sandy 
material. 
100-150+ cm- Yellowish-brown fine sandy 
loam, weakly cemented. 


4. Stabilized low Surface - 2 to 5cm black decomposed Deflation plain, swale 
dune areas plant remains matted by 
roots. 
0-50 cm - Yellowish-brown to 


brownish-gray fine sand 
with brown mottles. 
50-150+ cm - Yellowish-brown fine sand. 





Plants that initiate the massive sand burial through con- 
development of dune forms must be tinual growth above accumulating 
especially well adapted to rather sands. None of these species, 
extensive sand burial. Along the however, are sand stabilizers in the 
Pacific Northwest coast only a few sense that the sand is more or less 
species have the ability to survive permanently protected from the 
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wind. Stabilization requires the 
cevelopment of a complete cover, 
effectively stopping sand movement 


at the surface of the ground and 
permitting nonadapted plants to 
become established. The "“sand- 


loving" species tend to build mounds 


and ridges that eventually erode 
away, allowing continued sand 
activity. Other species, tolerant 


of a limited amount of sand burial, 
but spreading rapidly by means of 
rhizomes and above ground runners, 
are more efficient in the stabiliza- 
tion process. 


This “active” accumulation of 
sand is in contrast to plants acting 
as barriers to the flow of wind. 
Rising in front of a: vegetation 
mass, the wind loses its power to 
transport sand. The sand it is 
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carrying and pushing along piles up 
windward of the vegetation. This 
accumulation results in the develop- 
ment of several kinds of dune forms. 


Plants also act in the shaping 
of the dune landscape through stabi- 
lization. Some dune  fforms§ are 
preserved through the stabilization 
process. Others are destroyed 
because Stabilization of sand 
Surfaces prevent further sand from 
moving. Degradation of a dune form 
because of a reduction in _ sand 
Supply is known as “sand starvation." 


Not all dune forms require the 
action of plants for their initia- 
tion. Destruction of plant cover, 
erosion of the sand surface, and 
sand drift, (the interaction of wind 
and sand alone) are also important 
agents of landscape development. 
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CHAPTER THREE 
COASTAL SAND DUNE MORPHOLOGY 


The coastal sand dune landscape 
is a complex mosaic of many dune 
forms. The forms are the basic 
morphological units making up the 
coastal dune systems which charac- 
terize the various dune localities 
along the coast of this region. 





The dune forms are the result 
of the interaction of the environ- 
mental factors sand, wind, water, 
and plants. Each combination of 
factors produces unique, identifi- 
able forms that recur over’ the 
landscape. Wind and sand _ alone 
produce the spectacular forms for 
which these dune areas are known-- 
extensive, moving dunes occurring in 
regular patterns. Wind, sand, and 
plants produce both small and large 
dunes of a different form, which move 
Slowly, if at all, and which may 
occur in rather’ irregular and 
complex patterns. Water and vegeta- 
tion are the stabilizers, slowing 
sand movement and ultimately stopp- 
ing it. 


In the 25 years since Cooper's 
(1958) work was published, the 
morphology of the coastal dunes has 
been described in a variety of 
ways. Crook (1979a) basically 
retained Cooper's terminology, but 
developed a classification system 
based on varying states of stability. 
Battelle (1974) used the notion of 
"habitat" (the physical or struc- 
tural environment oe pi tes, a 
biotic community) in their descrip- 
tion of 15 sites along the Washing- 
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ton and Oregon coast. The U.S. 
Forest Service (Pinto et al. 1972) 
and the Soil Conservation Service 
(USDA-SCS 1975) both developed 
Systems of “mapping units" based on 
geomorphic features, degree of 
Stability, and vegetation for their 
descriptive studies based on manage- 
ment considerations. Each of these 
was developed for a specific purpose, 
and they range in effectiveness from 
somewhat ambiguous to very complex. 


McKee (1979) describes a system 
of classification based on _ two 
descriptive attributes--the shape or 
form of the sand body, and the posi- 
tion and number of slipfaces (steep 
lee-side surfaces). Dune forms will 
be described from this perspective, 
emphasizing formative process and 
morphology. Because McKee's classi- 
fication is based on inland dune 
areas where precipitation is low and 
plants are generally not abundant, 
not all coastal dune forms can be 
fitted to his system. The coastal 


dune forms described here, their 
characteristic features, and the 
corresponding units of the McKee 


classification are listed in Table 6. 
DUNE FORMS 


Beach 





The beach extends along the 
coast everywhere except where steep 
cliffs form the shore and technically 
is not a dune form. The beach is, 
however, important because it is the 
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Table 6. Formative elements, characteristic features, and classifica- 
tion of the dune forms of the Pacific Northwest Coastal Region. 








Dune forn Formative elements Characteristic features Name in McKee's (1979) 
classification of basic 
dune forms 

Transverse ridge Wind, sand Long, sinuous, asymmetric unvegetated Transverse ridge 


ridges (100*m long; 1 to 6 m high); 
trend at right angles to NW winds of 
summer. Advance to SE. 





Oblique dune Wind, sand Unvegetated. Long, sinuous, Linear 
symmetric ridges, 1000 m long, 
25 m high; trend oblique to SW 
winter winds and NW summer winds. 
Advance to NE. 


Retention ridge Wind, sand, plants Asymmetric ridge None 
with slipface invading forest or 
shrub vegetation. Forms in front 
of vegetation barrier. 


Foredune Wind, sand, plants Slightly asymmetric ridge above beach None 
high tide line. Forms from sand 
accumulating in vegetation. Presently 
to 100 m wide and 10 m high. 


Parabola dune Wind, sand, plants Asymmetric U or V shaped ridge, Parabolic 
highest at the apex. Range in size 
from 100 m to sever.] km in length. 
Formed by unidirectional effective 
winds. 


Sand hunnmock Wind, sand, plants Mounds of sand piled in and around None 
vegetation, one to several meters in 
height. Generally unstable, event- 
ually eroding away. 


Blowout Wind, sand, plants Saucer or trouch shaped erosional Blowout 
depressions in established vegetation. 
Vary widely in size. Adjacent blowouts 
may merge to produce sand plains. 


Sand plain Wind, sand Flat to undulating sand surface. If Sheet 
extensive may have transverse ridge 
pattern present. May be partially or 
completely vegetated. Not wet. 


Deflation plain Wind, sand, water Flat sand surface formed by erosion None 
of sand to the water table. Standing 
water during the rainy season. 
Quickly vegetated. 


Dune ridge Other dune forms Ridge remnants of other dune forms None 
and plants that have been completely stabilized 
by vegetation (parabolas, foredunes, 
retention ridges). 


Swale Wind, sand, Long, narrow depressions between dune None 
water, plants ridges (successive foredunes, parabola 
marginal ridges, trough blowouts). Very 
wet, frequently with standing water 


Remnant forest Wind, sand, plants Erosional remnants in an area of None 
active sand movement. Usually large 
(200 to 500 m in diameter, 30 m 
high) with old growth forest on top. 


Ponds and Wind, sand Ephemeral ponds formed where water None 
lakes table is seasonally high. Lakes 

form in front of dunes damming streams, 

and in swales. 
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transition zone between land and 
sea, and because it is the direct 
source of the sand that creates the 
dune landscape. The beach is defined 
(Bascomb 1964, p.13-23) as the area 
in which the sand is moved by ordi- 


nary wave action. Seaward, the 
limit is about 10m below low-tide 
level, while landward the limit 


extends to the edge of a permanent 
shore feature. Very high tides and 
storm waves can extend farther in- 
land and “move sand," but these are 
not ordinary. 


In winter, because of the 
erosive action of storm waves, the 
beach is steep and narrow. Much of 


the accumulated sand is washed out 
to deeper water to form offshore 
sand bars. As much as 1.5 to 4.5 m 
of sand can be lost in a winter 
season. In summer, the sediments 
are carried back onto the beach, 
which becomes broad and gently slop- 
ing. The amount of sand transported 
inland off the beach in dune areas 
is not known, but it is thought that 
most sand deposited on the beaches 
is washed back to sea again, part of 
a continuous cycle of deposition and 
erosion. In very severe storms, 
sand may be deposited farther out, 
in water too deep to permit its 
return to the beach. 


Some beaches associated with 
sand dunes are on the inner sides of 
Spits or peninsulas and protected 
from wave action. Deposition by 
tidal current results in very gently 
sloping tidal flats composed of 
varying mixtures of sand and mud. 
Because of the wind regimes and the 
lack of ocean-transoorted sand, very 
little sand is supplied to the dune 
system from these beaches. 


Transverse Dunes (Figures 10 and 11) 





The northwest winds of summer 
are responsible for the development 
of dunes whose trend (the direction 
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of a line parallel to the crest) is 
transverse to the resultant? wind 
direction, N10°W, or blowing toward 
an azimuth of 170° (Figure 12). 
Movement is in the general direction 
of the resultant wind. These dunes 
occur in a regular pattern on exten- 
Sive areas where there is an abundant 
sand supply and a_ unidirectional 
effective wind (Figure 13). The 
crests are sinuous and vary greatly 
in length; some can be traced for 
more than 1000 m. 


Intercrest distance is also 
variable, but averages about 34 m 
(Cooper 1958, Figure 4). In pro- 
file, the windward slopes are long 
and gentle, ranging from 3° to 12°, 
while the lee slope is a slipface at 
about 33°. Height from the base 
ranges from 1 to 6 m. 


An interesting feature of these 
dunes, described by Cooper (1958, p. 
31-33) is a tongue of sand extending 
downwind from the slipface, directly 
below a high point on the ridge 
crest. He thought these “lee pro- 
jections" to be erosion remnants of 
a transverse dune that has progressed 
downwind. He also points out that 
while the long axis of the lee pro- 
jections is consistently parallel to 
the resultant direction of the 
summer winds, the trend of the dunes 
seem to rotate 11° to 23° landward 
from the line that is normal (at 
right angles) to the resultant wind 
direction. He could offer no ex- 
planation for this phenomenon. 


During the winter the strong 
south-southwesterly winds erode the 
transverse dunes severely. The 
degree of degradation depends upon 
the size of the dune and exposure to 





Resultant wind direction: an 
"average" value that takes into 
account both wind speed and 


direction over a period of time. 


BEST COPY AVAILSD Lt 


Figure 10. Transverse ridge zone. dunes are moving toward the camera. 
Tenmtle Creek, | 


ality 22.. June, 1963. 


ge let 


Figure 11. Transverse ridge, side view. Well-developed crest about 2 a» 
high. North Of Florence, Locatity 29. August, 1964. 








Figure 12. 


Transverse ridges move 
in the general direction of the re- 


Sultant summer winds. The trend of 
the ridge rotates 11° to 23° 
landward from the line that is at 
right angles to the resultant wind. 


The lee projection is parallel to 
the resultant wind. 

the winds, ranging from a_ mere 
rounding of the crests to near 
obliteration with only a _= gently 
rolling surface remaining. Rejuven- 


ation of the ridges seems to occur 
on the foundation remaining from the 
previous year. 


Transverse dunes developed over 
very extensive areas in the past. 
With the foredune cutting off sand 
supply and the deflation plain ex- 
tending farther and farther inland, 
sand supply and areas suitable for 
the development of transverse dunes 
become more and more restricted. 
Because of their continual mass 
movement, vegetation does not develop 
to stabilize them. The sand will 
continue to move in the form of 
transverse dunes, eventually to be 
incorporated into the larger masses 
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of sand lying inland. 


Oblique Dunes (Cover; Figure 14) 





On very extensive sandy areas, 
open to the full force of the summer 
and winter wind regimes, and with an 
abundant sand supply, massive sand 
dunes develop that have crests 
oriented at right angles to the 
south-southwesterly winds of winter. 
They occur as a series of parallel 
dunes spaced 150 to 560 m apart, 
with an average spacing of 300 m. 
The average height above the inter- 
dune base is 25m, with extremes 
to 60 m. The crest length is usual- 
ly less than 1000 m, but can go as 
long as 2000 m. Cooper (1958, p. 
49-58) called these dunes oblique 
ridges because their trend is oblique 
to both the summer and winter winds, 
parallel to his calculation of the 
resultant wind forces. He felt that 
they did not advance, but rather 
extended inland in the direction of 
the dune trend, this extension being 
caused by both the winter and summer 
winds. He gave the rate of exten- 
sion of one such dune as 1.63 m/yr. 
Cooper hypothesized that their 
origin was due to the differential 
advance of a "precipitation ridge” 
(see retention ridge) that origina- 
ted close to shore. Lagging extra 
large masses of sand served as the 
beginnings of the large dunes. 


In their detailed study of the 
oblique dunes, Hunter et al. (1983) 
have clarified some aspects 
of origin and movement. Working 
with aerial photographs dating to 
1939, in conjunction with extensive 
field work and analysis of wind data 
from Newport, Oregon, they have con- 
cluded that these dunes are essen- 
tially transverse to the south 
south-southwesterly winter storm 
winds, and that they advance an 
average of 3.8 m/yr towards an 
azimuth of 26°. This is the calcu- 
lated resultant direction of sand 
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Figure 13. Transverse dune system, vertical serial photograph. South is at the top. Ground features 
from left to right: Woahink Lake, US Highway 101, forested inner dune margin (dune ridge) with biow- 
outs, retention ridge, oblique dune zone, forested remnants, transverse ridge zone, deflation plain, 
foredune, and beach. Wote the transverse ridges extending onto the obli dunes. The path of the 
northwest summer winds lies diagonally across the pho from lower right to upper left. Local- 
ity 20 just south of Cleawox Lake. Scale approximately 1:1 » (U.S. Geodetic Survey aerial photo- 
graph, Index 54A, No. 55-W-1061, 16 October 1955, Washington, D.C.) 
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transport by all winds blowing from 
the south. However, when sand 
transport by the northerly winds of 
summer and the inhibition of sand 
transport by winter rains were taken 
into account, a resultant transport 
direction of 45° was determined. 
This direction is at an angle of 71° 
to the dune trend, and in this sense 
the dunes can be considered oblique 
rather than transverse® (Figure 
14). The south-southwesterly winds 
of winter are responsible for the 
overall orientation and movement of 
the dunes while the northerly winds 
of summer reverse the upper parts of 
the dunes and probably help keep 
their crests relatively straight. 
The origin of oblique dunes poses no 
problems beyond those posed by any 
eolian dunes; special initial condi- 
tions are not required for their 
origin or growth. 


Because of their exposure to 
wind and the activity of sand over 
their surfaces, the oblique dunes 
are not likely to become stabilized 
by vegetation in their present 
form. Cooper (1958, p. 58-60) states 
that they cannot be maintained in- 
definitely. He theorizes that 
failure of sand supply at the shore, 
suppression by transverse ridges, 
and encroachment by vegetation will 
all work toward the obliteration of 
the oblique dune pattern. In _ the 
light of the previously cited work 
by Hunter et al., the most likely 
sequence of events is that the 





to the morphodynamic 
classification scheme proposed by 
Hunter et al. (1983) a dune is 
transverse if the resultant trans- 
port of sand is at an angle of 75° 
to 90° to the dune trend, oblique if 
the angle is 15° to 75°, and longi- 
tudinal if it is 0° to 15°. 


*Accordi ng 
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Figure 14. is 


The oblique dune 
basically a large transverse ridge 
moving in the direction of the re- 


sultant winds of winter. Because of 
rain and summer winds, the resultant 
sand transport is deflected landward. 


present oblique dunes will continue 
their advance, which is basically 
inland, to merge with the retention 
ridge (or in some cases to become 
massive parabola dunes). This would 
happen even if no vegetation devel- 
oped to seaward. The current 
development of such vegetation, and 
the resulting “sand starvation", 
could prevent the formation of new 
oblique dunes, but this assumes that 
the sand supply from the beaches is 
sufficient to build such massive 
dune forms. 


Foredune (Figure 15) 





The foredune is a ridge of sand 
parallel to the beach just above the 
limit of ordinary wave action. It 
is formed by the interaction of 
wind, sand, and vegetation. Plants 
tolerant of sand burial become more 
or less permanently established 
above the high-tide line. Sand 
transported up from the beach by the 
wind collects in and around the 
vegetation, both by entrapment and 
deposition (the plants deflecting 
winds upward, causing transport to 
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Figure 15. Foredune. European 


beachgrass and maritime pea. 


seaward bese of tiie main dune. 
These rarely last through a winter 
season because of storm waves. 


Yaquina Bay, Locality 15. Ju’y, 
1964. ‘ 


cease). The plants. 
maintain growth even though buried 
completely. As the plants continue 
to grow, a ridge of accumulated sand 
develops and increases in height. 
Along the Pacific Northwest coast 
this ri has attained heights of 
10 w a base width of over 100 
m. Its seaward side is steep, while 
the lee side slopes gentiy from the 
crest. 


Along most of the coast, this 
type of foredune has developed reia- 


tively recently, probably since 
about 1910 when European beach grass 


(amophita  arenaria) wes in ed 
Bay region. European 


n 
beach grass (used for centuries in 
ar to build foredunes and to 
stabilize areas of moving sand) was 
widely planted in the 1930's and 
again in the 1950's. It also spread 
rapidly by natural means. Prior to 
the introduction of this species, 
the foredune was made up of a series 
of generally closely spaced mounds 
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- foredune along 


Note . 
the smalier dunes building up at the 


(see sand hummock) produced by 
native plant species especially well- 
adapted to mssive sand burial 
(Figure 16). Remnants of this kind 
of foredune can stil] be found on 
the dune areas of northern 
California. 


The ultimate size of the present 
the northwest coast 
is not known, tut it is possible to 
speculate on the basis of observa- 
tion and informetion from other 
places. As the foredune becomes 
higher, the windward side becomes 
steeper, and less sand is carried to 
the top. It is not uncommon to see 
smaller mounds form at the windward 
base as the result of Eu beach 
grass plants becoming estabiished 
there. These can form in one summer 
seasor. and continue to develop over 
a number of scasons if there are no 
winter high tides or storms to wesh 
them out. If these smaller dunes 
would continue to build up they 
would effectively reduce the wind- 
ward slope of the foredune and allow 
more sand to reach the crest. How- 
ever severe winter wave action is 
frequent enough that these smaller 
dunes are invariably cut back and 
washed out. The established fore- 
dune itself can be cut back as much 
as 2 m in one winter by storm waves. 


Studies in Japan by Tanaka and 
Uzui (1973) show that as dune height 
and windward slope increase, erosion 
of dune crest increases. This 
erosion results in sand moving in- 
land, widening the foredune. With 
time a great mass of sand will 
gradually move inland, probably to 
become stabilized by Aap as a 
new foredune builds. is occurs on 
the west coast of Europe (Ranwell 
1972) where conditions of wind, sand 
supply, and vegetation are very 
similar to those on the northwest 
coast. Ranwell (1958) calculated 
that it took about 50 years to build 
a foredune to maximum height (15 m), 









Figure 16. 
American dunegrass in the foregound. 
June, 1983. 


the point at which landward movement 
would in. It would then take 
another yrs for a new foredune to 
develop. Whether such a cycle takes 
place along our coast remains to be 
seen, but the similarity of condi- 
tions to those of western Europe 
make it a strong possibility. 


Retention Ridge (Figure 17) 


When winds that are moving sand 
encounter an obstacle in the form of 
dense shrub or tree vegetation, they 
are deflected upwards. The sand 
ceases movement and begins to pile 





Foredune zone of sand hummocks ge A 
South spit, H 





native plant species. 
oldt Bay, Locality 23. 





of forming a retention ridge’ 
th a iene, gentie windward slope 
and a steep lee slope. As the ridge 
increases in height, sand slides down 
the steep lee slope (slipface), 
resulting in a slow forward creep of 
the ridge. If the ridge becomes 





7C Cooper (1958, p. 55) called this a 
precipitation ridge" because the 
precipitates" its sand load as 

ps is deflected over the forest 

barrier. The term “retention ridge 

(McKee 1979, P. 96) seems more appro- 

priate for this form. 
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Retention ridge at the 
n of the transverse ridge 

slipface is the moving 
front of the ridge. Most trees are 
intolerant of sand burial and soon 
die as sand covers the ground at the 
base of the trunks. South of the 
a River, Locality 20. July 


Figure 17. 
inner ma 
system. 





massive enough, it will advance over 
and destroy the vegetation barrier. 
Generally it is a long continuous 
ridge moving on a broad front under 
the influence of both summer and 
winter wind regimes. Cooper (1958, 
p. 115) estimated that the ridge 
moves forward (eastward) at a rate 
of 1.6 m/year. Plants can colonize 
the steep lee slopes of still-active 
massive ridges if the rate of deposi- 
tion is relatively slow. If accum- 
lation slows even further because of 
vegetation devel 
the ridge, the windward slope will 
eventually be covered with vegeta- 
tion. The effectiveness of the 
process can be seen in the well- 
developed forests on the steep lee 
$s] of some of the older, stabil- 


ized ridges. 
Parabola Dune (Figures 18 and 19) 


A parabola dune is basically a 





t windward of 


30 
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U-shaped or “parabolic” retention 
ridge. It is highest and most 
massive at the apex. The marginal 
ridges taper gradually because of 
continuous erosion of the extreme 
windward ends. An erosion trough 
lies between the marginal ridges. 
The profile of the apex shows a 
gradual slope to windward and a 
steep slipface on the lee side. 
Parabola dunes may range in size 
from as much as 4 km in len with 
1.5 km between the margina tig 
Vhong smaller dunes less than 100 
m long. 


Their origin is dependent upon 
an abundant sand supply, well- 
developed vegetation, and a strong 
unidirectional effective wind. Where 
the extent of shoreline favorable to 
the development of dunes is limited, 
as is frequently the case adjacent to 
river mouths, sand will accumulate in 
massive amounts against the vegeta- 
tion barrier. At some point where 
the vegetation is not quite as dense 
or resistant, the sand will “break 
through" and advance more rapidly 
than the rest of the retention ridge. 
This break-through point becomes the 
apex, where accumulation and advance 
is concentrated. A trough is scoured 
out behind (to windward) the apex and 
the marginal ridges form. These 
ridges also advance into vegetation, 
but much more slowly, and so the par- 
abolic form emerges. These dunes can 
be quite large, with the crest of the 
apex as much as 35 m above the base 
and advancing as much as 6 m/yr (A. 
Wiedemann, The Evergreen State 
College, Olympia, Washington; 
unpublished data). 


This same process can take 
place in areas where a well-developed 
retention ridge is already advancing 
into vegetation. At a point where 
the vegetation is less resistant the 
sand mass will move forward more 
rapidly. Sometimes called “trough 
blowouts" these masses of sand 














usually move under the influence of 
either the summer or winter winds 
and can become parabola dunes. 
Adjacent parabola dunes can join as 
their marginal ridges intersect. 
When this napy the parabolic con- 
figuration lost and a typical 
retention ridge reforms. 


Vegetation eventually develops 
on the marginal ridges ad the 
entire dine becomes stabilized. 
Under certain conditions the apex 
can be blown eS leaving the 


marginal Sn ga more or less 
paral tel ridges r tdadenting upon 












_ S&S apt * 





Parabola dune system. 





Figure 18. 


the originai shape of the parabola 
and its size). New parabola dunes 
may form later. If they are large, 
they will override and destroy the 
earlier stabilized dune, or, if 
smalier, will advance between the 
marginal ridges of the earlier dune. 
rene, bay, of both situations can be 


Sand Humeock (Figure 20) 











Plant species that can tolerate 
burial by sand are responsible for 
the building of hummocks--mounds of 
sand that can reach 5 m in height. 





% = 
a 


oe 4 


The dunes are moving southeast. The inner 


edge of the lowermost dunes is about 750 m from the beach. Note the develop- 


ment of the transverse ridge pattern. 
lies in the middle part of the ph 
North spit, Humboldt Bay, Locality 33. 


The a Peg A a rig Dunes Preserve 
otograph; Samoa mills at 
June, 1983. 


the top right. 
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They _ with sand accumulating in of age covering sand, increasing in 
the s and leaves of the p ~ size n eye sand to be 
and Syren tuatly covering it. sapestea. Species such as yellow 
) a season the plant grows pe sandverbena (Abronia latifolia), 


> 


4 


Figure 19. Parabola dunes at Sand Lake, Locality 9. The view is southwest- 
ward with Haystack Rock in the distance. The first and second parabola dunes 
(see Appendix II) are visible. Note the deflation plain at the windward base 
of the first dune and the ephemeral pond at the base of the lee slipface. The 
second dune has built up very high because of the constricting Woes As 


it advances, the sand channel will be widened. August, 1983. 


raph b 
Art Hare.) peated 
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Sand hummocks formed by 
Because of the 
northwest winds at this 
e humacks are oriented 
in straight lines parallel to the 


Figure 20a. 
European beachgrass. 
very stron 
location, 


wind. e hummocks are 2 to 3 am 
high. Near Sutton Creek, Locality 
19. July, 1964. 


dune tansy (Tanacetum douglasii), 
Hooker willow (Salix hookerfana) and 
salt rush (Juncus Tesueri?) are all 
effective hummock builders. uro- 
pean beach grass, however, builds 
the la t and most numerous hum- 
mocks. are found wherever this 
species can become established (al- 
most everywhere except very wet 
sites) and where sand is being 
transported by wind. 


Hummocks can frequently result 
from extensive plantings of European 
beachgrass which were not followed 
with shrub and tree plantings, as 
was the case in the 1930's in some 
areas. Differential survival of 
plants resulted in bare patches of 
sand in the planting. Sand from 
these patches was blown -into the 
hoes of living plants. Growth in 
uropean beach grass is stimulated 
by sand burial, so these patches 
quickly evolved {nto hummocks . 
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Figure 20b. Sand hummock formed by 
a native plant species, silver bur- 
sage. These hummocks can reach 3 m 
in height. Sand Lake, Locality 9. 
July, 1964. 


Sand hummocks generally are not 
stable features. They are clic 
dune forms either being . fo » or 
having reached some maximum size, 
are being eroded away, usually from 
the bottom (sand erosion around 
the base). In some areas with very 
strong  wiidifrectional effective 
winds and well established European 
beach grass, the foredune is replaced 
by a system of large humnocks, 
usually arran in a row that runs 
parallel to the wind direction. In 
some cases, hummocks can become 
stabilized. This happens when they 
are sheltered from strong erosive 
winds (because of the development of 
dune forms to windward), or if 
Stabilizing vegetation develops 
quickly enough to prevent erosion. 


Blowout (Figure 13) 


Where vegetation cover is 
disturbed sufficiently to expose the 
sand to wind, erosion will take 
place with sand being blow out of 
the disturbed site. h a “blowout" 
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an forms along, sand on which other dune forms 

narrow trough with a moving pile of § (transverse ridges, sand hummocks, 
head ( n- etc) develop if conditions of wind 

Cipient parabola dine), or a and sand supply necessary to the 

saucer-shaped bowl with sand piled formation a particular dune form are 

along the lee side. The size of a present. 

blowout varies considerably, from a 





few square meters in area to several In general the sand plain is 
hectares. As troughs or bowls en- dry with the water table some 
large they join with other distance below the surface. The 


blowouts, resulting eventually in a establishment of tation is a 
sand plain, or the blowouts may slow process. Only if sand movement 
simply. become revegetated. Where is reduced will species tolerant of 
there fias been a history of blowout some degree of sand covering become 
formation and ‘stabilization, the established, leading eventually to 
ground surface is very irregular. full vegetation cover. Reduction in 
| sand movement on a sand plain might 
Sand Plain (Figure 21) be die to the sheltering effect of 
nearby developing SY 9g am or to 
Sand plains are large, rela- the trapping of farther down- 
tively level or. gently sloping wind by eloping vegetation. 
areas of sand. The surface be 
irregular, but changes in relief are Deflation Plain (Figures 13 and 22) 
not great unless other dune forws 
occur on the plain. Generally the In certain areas, the wind 
sand plain occurs between the beach erodes the sand surface close to the 
and beginning of the retention water table, resulting in a wet sand 
ridge. It is a broad expanse of surface very resistant to further 











Figure 22. Deflation plain formed 
at the windward base of a large 
Figure 21. Sand plain formed to arabola dune at Sand Lake, Locality 
windward of one of the large para- . The lowest part of the deflation 
bola dunes at Sand Lake, Locality 9. plain is on the right, where part of 
The red fescue--dune goldenrod com- a marginal ridge is visible. A 
munity is stabilizing the area. forested remnant of an earlier mar- 
Note scattered lodgepole pine becom- ginal ridge is seen on the left. On 
ing established in the open area. the horizon is Haystack Rock at Cape 
September, 1964. Kiwanda. April, 1964. 
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erosion. Such places are called 
deflation plains. Their formation 
usually occurs when sand supply to 
the eroding surface is reduced or 
cut off entirely. Reduction in sand 


supply — 












or 
vegetation development in the area 
that was originally the source of 


the sand. A total interruption of 
the sand supply has occurred on the 
lee side of the extensive foredunes 
that have developed along the coast. 
A deflation plain has come into 
existence that has increased 
continuously in width over the past 
40 yrs and in some places is now up 
to 2 km wide. The deflation plain 
will continue to increase in width 
as sand is eroded to the water table 
along its eastern edge. 


Long term fluctuations in 
ground-water levels can cause defla- 
tion plains to ga ne cone 
(Cooper 1958, p. 109). Drainage 
waters from dune lakes appear at 
some distance from the water source, 
effectively raising the water table. 
Lowering of the ground-water. table 
because of altered drainage patterns 
or ground-water depletion could 
Change the character of an existing 
deflation plain. The patches of wet 
sand, however, which commonly appear 
on extensive sand plains dirin 
winter and early spring are c 
by temporary rises in the water 
table as a result of heavy winter 
precipitation and are not considered 
deflation surfaces. 


Because of the stability of oe 


deflation-plain surface and 

abundance of moisture, vegetation 
develops rapidly. In as little as 
30 yrs, a tall, dense thicket of 
shrubs and trees will develop that 
is virtually impenetrable to a 


in the. 
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person trying to walk through the 
area 


Dune Ridge (Figure 23) 


‘Sand ridges result fra the 
stabilization by vegetation of a 
in essentially unaltered form. 
Successive foredunes on a prograding 
shoreline, the marginal ridges of 
large parabola dunes, and retention 
ridges all stabilize as dune ridges. 
(These three dune forms are defined 
in terms of their origin. Once 
created and stabilized, they serve 
into a generally single, recognizable 
form.) Dune ridges will remain 
stable as long as the vegetation is 
undisturbed. Destruction of plant 
cover would result in sand movement 
different from the formative pro- 
cesses, and the dune ridge form would 
be obliterated. Dune ridges should 
not be confused with transverse 
ridges, which do not stabilize. 


Remnant Forest Mounds (Cover; 
Figure 13) 


These are dune forms havin 
their origin in the degradation o 
earlier dune forms that had become 
stabilized. They are related to the 
stabilized dune forms located farther 
inland currently being destro by 
sand activity. They occur as large, 
spectacular, isolated, forested 
mounds. They vary in size but most 
are 200 to 500m in diameter and 
about 50m high. Old-growth forest 
covers the top, while Poppies vegeta- 
tion occurs om constantly 
erodi sides. The forest on the 
top of one of these remart forest 
mounds was calculated to be at least 
500 years old iCooper 1958, p. 100). 
Their existence may be due to dif- 
ferential erosion during the current 
cycle of activi~ “nother possi- 
bility is that us «isting forest 
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Figure 23. 
marginal ridge of a parabola dune. 
bluegrass--beach pea community. 
bracken, 


A dune ridge at Sand Lake, Locality 9. 


ee Fat, _* fe Mee 8S Sa ee ae - 
ee See Fs 





It is probably a remnant 


It is being stabilized by the seashore 


an unusual occurrence in this kind of habitat. 


The dark band on the side of the ridge is 


The plant cover in 


this area has been totally destroyed by ORV activity since this photograph 


was taken. May, 1964. 


vegetation was burned and these 
areas escaped destruction. 


Ponds and Lakes (Figure 24 and 25) 


Bodies of water are found both 
on the dunes and along the inner 
margin of the dunes at the base of 
the retention-ridge slipface. These 
latter are called marginal lakes, 
and they originate either throu 
the damming of small streams by 
dune sands moving inland or by dune 
water flowing out of the 
into the depression between 
sand mss and the mountain 
t. Most of these lakes are less 
50 ha in size, but a few are 
larger. dune ponds and lakes 
on deflation surfaces and in 
les, and usually are the result 
of the dune surface intersecting the 
“water table. The largest 
75 hat and are relatively 


permanent. Many smaller ponds are 





babezef 
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ephemeral, drying up toward the 
beginning of summer and appearing 
again the following winter. The 
lakes of one dune area (the 

Dunes National Recreation Area) and 
the range in their size and depth 
are listed in Table 7. 


Swales (Figure 26) 


Low-lying areas between sand 
ridges are swales. Usually they are 
quite wet, with standing water 
usually in winter, but frequently 
all year jong. Swales are common to 
localities where a prograding shore- 
line has resulted in a series of 
relatively closely spaced sand 
ridges. Successive ridges produced 
by the marginal ri of adjacent 


rabola dunes also have swales 
tween then. Blowouts can create 
mounds and ri which may have 


swales between then. A swale is not 
created through wind deflation of 








Figure 24. Ephemeral dune pond. These ponds usually dry ye, early summer, 
but in years of high precipitation they may persist into the fall. Tennitl< 
Creek, Locality 22. June, 1983. 7 


Figure 25. Oune Jake formed by the damming of a small creek by sand. An 
overflow channel is marked at the upper right by vegetation extending into the 
open sand. Cleawox Lake, Locality 20. June, 1964. 
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Table 7. Approximate surface area and depth of lakes on the Oregon Dunes 
National Recreation Area in years of average precipitation. (From Pinto et al. 














1972.) 
Surface Area Dep th 

Lake ha (acres) m (ft) 

Bear 4.9 (12.0) 5.5 (18.0) 
Cleawox 33.2 (82.0) 14.6 (48.0) 
Siltcoos Lagoon 2.0 (5.0) 1.8 (6.0) 
Sil tcoos 1167.2 (2882.0) 5.5 (18.0) 
North Erhart 0.7 (1.7) 6.1 (20.0) 
Erhart 0.4 (1.0) 6.1 (20.0) 
Loon 1.2 (3.0) 6.1 (20.0) 
Taylor 1.2 (3.0 5.8 (19.0) 
Carter 11.3 (28.0) 11.6 (38.0) 
Lost 2.4 (5.8) 9.2 (30.0) 
Perkins 1.9 (4.7) 9.2 (30.0) 
Tahkenitch 607.5 (1500.0) 6.4 (21.0) 
Elbow 4.9 (12.0) 7.6 (25.0) 
Threemile 27.1 (67.0) 9.8 (32.0) 
Schut tpel tz 2.0 (5.0) 4.6 (15.0) 
Hall 6.1 (15.0) 12.8 (42.0) 
Clear 9.7 (24.0) 7.6 (25.0) 
Saunders 23.1 (57.0) 9.2 (30.0) 
Butterfield 15.4 (38.0) 10.7 seo 
Beale 4.1 (10.0) 7.6 (25.0 
Snag 12.2 (30.0) 3.1 (10.0) 
Sandpoint 32.4 (80.0) 3.7 (12.0) 
Spirit 0.8 (4.0) 3.1 (10.0) 
Horsfall 101.3 (250.0) 4.6 (15.0) 
Bluebil] 14.2 (35.0) 4.6 (15.0) 





the sand surface to the water table. landform they occupy. It is the 
It is characteristically long and product of the various environmental 
narrow. Natural stabilization factors interacting in certain ways 
proceeds, and vegetation quickly in the different localities. Cer- 
becomes established in the swales tain dune forms tend to characterize 
unless enough water is present to a given system, but they are not 
form a pond or small dune lake. restricted to that system. 


DUNE SYSTEMS Along the Pacific Northwest 
coast four types of dune systems can 

A dune system is characterized be distinguished. In general, the 

by a set of dune forms recurring in parallel ridge system is found in 
a pattern over the dune landscape the north, and south of the region, 
and by the nature of the coastal the parabola dune system in the 
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(Localities 1 
> 24 through 29 





(Figure 26)) 


This system is best developed 
on the ading shoreline north 
and of the Columbia River. 
Its characteristic dune form is the 
dune ri (stabilized foredune). 
These ri are arranged in a 

allel series that extends over 2 
tniand in some places. gh 
ment of the system began when 
sea reached its maximum elevation 
after the last glaciation, about 


6000 yrs ago. 


~The enormous sediment loads of 
the Columbia River were carried 
north and south by offshore long- 
shore currents to be deposited on 





Figure 26. 
Clatsop Plains, Locality 4. 


Parallel ri tem. 
c View 


north. Sunset Beach Road runs 
across the center. of the photo- 
graph. Two of the nine ridges are 
easily visible just to the right of 
Sunset Lake, which is a swale lake. 
US 101 top right. August, 1983. 
(Photograph by Art Hare.) 















set 
#3 
. ) 

$s 


60 
re numerous, 
dges over a shorter shore- 
line distance (30 km). 


Swales occur between closely 
spaced roam Some of these swales 
are fill with lakes or ponds. 
oped between the 
Blowouts 





systems were stabilized prior to 
Caucasion settlement. Sub sequen t 
disturbance because of agricul tvral 
activity resulted in massive erosion 
in some localities that became the 
subject of intensive stabilization 
efforts. 


Parallel ridge systems are also 
found where a series of retention 
ridges have become stabilized. They 
usually represent the culmination 
(through stabilization) of a long 
period of sand activity in which the 
sand of a mumber of dine forms 
eventually becomes iicorporated into 
a single ridge. Localities 15, 19, 
24, ad 25 are examples of such 
areas. Generally a currently active 
retention ridge is also present. 


Parabola dune systen (Localities 
roug > rough 18, 30, 31, 
33) (Figure 27)) 


These systems are characterized 
by massive parabola dunes (or com- 
plexes of such dines) located 
primarily along the north-central 
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Figure 27. Parabola dune system at Sand Lake, Locality 9. The currently 





active dunes move northeastward along the axis of the system. Vehicles are 
not permitted in the darker, vegetated area just north of the entrance to Sand 
Lake. The light area just behind the foredune is a drag strip. Cape Lookout 
upper left. August, 1983. (Photograph by Art Hare.). 


Oregon coast. They are the result The extent to which the systes 
of unidirectional effective winds, survives today at amy locality 
mostly south-southwesterly, but a depends on how far intand it 

few northwesterly. “any are associ- mae during the formative period. 
ated with river or bay mouths. Al] t Locality 9 (Sand Lake) most of 
are separated from one another by the system still remins, while et 
capes, rocky headlands, or sea many other localities only darely 
cliffs. For the most part their recognizable remants can be dis- 
development began during the period tinguished. Extensive sand plains 
of rising sea level after the last and deflation B tes 4 ere frequently 
glaciation. Maximum development of found windwa of the parabola 
the form occurred during the period dunes, often with transverse ridges 
of submergence, with resultant and hummocks present. Where 
erosion of the seaward ends as the succes sive raola dines have 
sea level continued to rise. formed, stabilized remnants of the 
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+ are present. A  .inland. Ephemeral ponds occur at 
present at the beach the edges of deflation plains, in 
of the system, and blowouts are the troughs between oblique dunes, 
and in low places in forested areas 
(stabilized trough blowouts). Large, 
shallow dune lakes are a _ charac- 
teristic feature of some localities 
in this system. 


dines ‘myc ridge yg result. Bay dune systen (Localities 5, 7, 8, 


a gure 28) 


Transverse ri tem (Localities 
20-23) (cover a Figure 13) These dine systems are defined 


. by their location on sand spi*s, 
Along the south-central Oregon barrier dunes, or peninsulas formed 
coast, shore conditions were favor- 
able to the accumulation of large 
amounts of sand for great distances, 
both longshore and inland. These sys- 
tens account for the greatest area of 
dunes in the region under considera- 
tion. A relatively level, low-lying 
coastal plain allowed the sand to 
move inland up to 4 km from the 
present shoreline as the sea level 
rose. With maximum subme ce and 
relative shoreline stability, the 
systems have remained active. 
















Extensive sand plains are 
characteristic of these systems, and 
where the plain is ae stabilized, 
the transverse pattern 
develops. The Suaiaas uni que 
to this system, are a result of 
massive sand supplies and interact- 
ing winds. Parabola dines occur 
frequently, but these tend to be 
small compared to those farther 
north. A retention ridge defines 
the inner or landward extent of the 

tes, and a foredune or in some 
places, sand hummocks, define the 
seaward side next to the beach. 





Deflation plains occur on the ame oay | 
lee side of the foredune and at the Figure 28. Bay dune systes. The 
windward base of some parab’” “ines. end of the spit rep is typical 
Blowouts occur tl; ter Snowy Plover nesting habitat. 
old or newly estab! shed Ve. <.*’ on. the erosion of the feet: 
Marginal lakes are characteris.:c of Netarts Bay, Locality 8. (Oregon 
this system because of the wide Department of Transportation, 10 
front over which the sand has moved March, 1978.) 
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across the mouths of bays. They can foredune, sand plain, deflation 

range in width from several hundred plain, blowout, sand ridge, sand 

meters to several kilometers, and in hummock, and swale are the most 

length from 3 km to over 10 km. common forms seen. On the larger 

They are not characterized by any peninsulas, parabola dunes, trans- 

special set of dune _ forms. The verse ridges, and ponds and lakes 
can occur. 





rac anemy gan col' 
bul Via | 











CHAPTER FOUR 
DUNE PROCESS 


The coastal sand dune landscape 
as we see it today is the product of 
thousands of years of coastal marine 
and wind processes. Enough is known 


of recent geological history to 
trace the sequence of probable 
events, which, along with natural 
phenomena such as stabilization by 
plants, soil formation, and fire, 
have produced the present dune 
systems. 


At th2 peak of the last Pleis- 
tocene glaciation (variously esti- 
mated at 20,000 to 30,000 yrs ago), 
sea levels were depressed by about 
140 m below the present level. At 
that time the shoreline extended 
much farther out, at least 3 km, ac- 
cording to Cooper (1958, p. 130). 
The coastal plain, or terrace, on 
which many of the present dunes lie 
is about 50 m below present sea 
level. At the maximum depression of 
sea level, this terrace would have 
been as much as 100 m above sea 
level. 


As world climate warmed and the 
glaciers melted, sea level began to 
rise. The rise was gradual and was 
probably accompanied by many tempo- 
rary fluctuations--rapid rise, none, 
or even reversal. As the waters 
rose, sediments deposited on the 
beaches were blown inland on re- 
ceptive shores by the prevailing 
wind regimes. Dune systems formed 
which were continually eroded at 
their seaward ends. These sediments 
were then reincorporated into new 
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dune systems. The amount of sedi- 
ment deposited onto beaches must 
have been much higher at that time 
than at present. Melting glaciers 
released enormous sediment’ loads 
which eventually found their way to 
the sea. 


About 6,000 yrs ago, the rate 
of submergence slowed considerably 
and about 3,650 yrs ago a condition 
of “still stand" was reached. Cole- 
man and Smith (1964) estimate the 
rate of submergence at 20 cm per 
century for the period 8,000 to 
3,650 yrs ago. Since then, there 
have been minor fluctuations, in- 
cluding those of the last 50 yrs 
when sea levels rose by 12 to 15 
cm. However, because of tectonic 
activity (the rising of land masses 
along the Pacific coast), the net 
rise of sea level on coastal dune 
shores has been about 5 cm (Hunt 
1974, p. 602). 


Data reported by Christensen 
and Rosenthal (1982) from deep-wel] 
drilling at Florence, Oregon, are of 
interest in reconstructing dune 
history. Drilling shows that the 
dune sands rest on a marine terrace 
49 m below present sea level. Woody 
materials from this terrace were 
carbon-14 dated at 27,000 yrs old. 
A sample taken at 27 m below present 
sea level dated 8,830 yrs, and one 
taken at present sea level (13 m 
below present land surface) at 2,340 
yrs. Up to the 27-m level, the 
sediments were a mixture of sand, 








silt, clay, and organic materials 
indicating that up to about 9,000 
yrs ago river-transported sediments 
(from the Siuslaw River) were depo- 
sited on the dunes. More rapid depo- 
Sition of beach sand since that time 
probably prevented the further ac- 
cumulation of river-transported mate- 
rials. 


While one must be careful about 
drawing conclusions from_ limited 
data, it is interesting to note that 
there was little accumulation of 
sand between "still stand" (essen- 
tially present sea level), 3650 yrs 
ago, and 2340 yrs ago, the age of 
the sample collected at the same 
level. Since that time there has 
been considerable depostion, and 
this is of interest for the discus- 
Sion later in the chapter. 


As sea-level rise slowed around 
6,000 yrs ago, Cooper (1958) states 
that the dunes reached’ their 
farthest inland advance and their 
greatest volume. Most areas had 
become completely stabilized, either 
as parabola dune complexes or as 
massive retention ridges and associ- 
ated deflation plains. The con- 
tinued slow rise of sea level eroded 
away the stabilized dune masses, 
leaving only remnants in some cases. 
Some of these remnants are "perched" 
on higher ground with no present 
contact with receptive shore. In 
other places recent sand erosion has 
uncovered the remains of large trees 
adjoining the present-day beach. If 
there is any validity to the data 





“The area of the coast north and 
south of the Columbia River had no 


dunes at this time because of the 
bluffs and cliffs that made up the 
bay shorelines in this area. Dune 
building occurred in the succeeding 
6,000 yrs as explained in the sec- 
tion on parallel ridge systems. 
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period of 
lasted 


mentioned above, this 
overall stability probably 
for some time. 


STABILIZATION AND REJUVENATION 


One of the most remarkable fea- 
tures of these coastal dune systems 
is their instability--the cycles of 
Stabilization and rejuvenation that 
are apparent everywhere. Because of 
the mild climate, vegetation becomes 
established easily and quickly and 
development is rapid. Progression 
from herbaceous to shrub to perma- 
nent forest can take place within 
the lifetime of one person. This is 
demonstrated by a forested area dir- 
ectly west of Cleawox Lake (Localit 
20) (Figure 29). Described in 191 
as a low meadow with grass and 
Strawberry plants, it had developed 
into a forest with trees 30 cm in 
diameter and 12 m tall by 1965 
(Wiedemann 1966, p. 188-203). 


Some of this vegetation will 
renain a long time, growing into old- 
growth climax forest. More common- 
ly, however, dunes become active 
again and much of the vegetation is 
partially or completely buried by 
moving dunes. As the sand moves on, 
decaying remnants of forest of all 
$izes become exposed again. Oc- 
casionally the cycle is so _ rapid 
that one sees new forest developing 
among the remains of the previous 
one. 


With the establishment of vege- 
tation is initiated the development 
of soil. These soils demonstrate 
the instability of the sand dune en- 
vironment. Eroding sands frequently 
expose “buried profiles," layers of 
soil that had developed to some ex- 
tent under forest and were then 
buried as new sand moved over the 
area. One of the most striking ex- 


amples of this can be seen at Cape 
Kiwanda on the Oregon coast (Local- 
10). 


ity The south face of the 
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getation development caused by drainage from 
a dune lake. View is toward the north. The oldest vegetation is at the left. 
The “striped” nature of the vegetation at the lower left results from the 
planting of legumes and grasses to improve wildlife habitat. Most of the sand 
hummocks at the north and south ends are formed by Hooker willow. At the time 
the photograph was taken the area was about 1400 m long (N - S) and 600 m wide 
at the widest point. West of Cleawox Lake, Locality 20. June, 1964. 


thick sand mantle re Cape Kiwanda areas and for the largest parabola 
shows six buried soil layers, all dunes (such as at Sand Lake, Local- 
within a vertical distance of 25 m ity 9), stabilization was probably a 
(Figure 30). Clearly “stability” is one-time phenomenon. Road cuts 
a variable state, subject to the through these dune forms reveal no 
action of many factors. buried profiles, but a very well- 
developed surface profile. Given 

The factors responsible for Birkeland's (1974) estimate of at 

sand activity in any particular area least 1,000 yrs for a soil surface 
are difficult to determine (unless horizon to develop under ideal con- 
there is a historical record). ditions, it is entirely likely that 
Cooper (1958, p. 131) states that at least some of the dune forms in 
all of the dunes were stabilized by some places have escaped the stabi- 
the time of maximum submergence. lization-rejuvenation cycle. These 
For the massive retention ridges places are usually the extreme inner 
along the inner margins of the dune margins of the present dune fields. 
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Figure 30. Buried sof} profiles on 
tho Panedt Gane tase off the of Care 


Kiwanda. At least six profiles are 
distinguishable. Locality 10. Au- 
gust, 1983. 


On areas closer to the shore, 
exposed profiles range from a few 
centimeters of incipient soil devel- 
opment to nearly fully developed 
surface horizons 30 cm thick. In 
many places the surfaces of these 
profiles bear bits of charred wood, 
evidence that fire may have de- 
stroyed the protecting cover, per- 
mitting rejuvenation. While not 
common, extensive fires did occur 
rior to Caucasian settlement 
Cooper 1958, p. 74). Fires in the 
early part of the 19th century de- 
stroyed mich forest along the Oregon 
coast, as noted in pioneer journals 
and coast surveys (Wiedemann 1966, 
p. 90). These fires would probably 
have been natural in origin since 
the beach- and river-dwelling abori- 
ginals would not have made a prac- 
tice of burning to maintain grass- 
lands as was the case in many inland 
areas. 


Although fires could account 
for rejuvenation on a local scale, 
the current activity, which seems 
uniform in extent from T11lamook 
Head all the way into northern Cali- 
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fornia, is more difficult to ex- 
plain. a oe could yer 
changes oute or 

regimes ak ad d bring about = 
newed activity However, Hanson 


(1947), as a ain of his study of 
pollen in peat profiles from sand 
dune sions, sees no evidence 
of coastal climatic in the 
post-glacial period. He postulates 
that. periods of accelerated sand 
movement may be related to climatic 
fluctuations farther inland, changes 
which could have increased wind ve- 
locities sufficiently to bring about 
extensive rejuvenation. Studies in 
Europe (Ranwell 1972, p. 18) show 
that dune activity historically has 
been related to periods of exception- 
ally stormy weather. It is sug- 
sted that these periods of stom- 
ness are related to recurrrent as- 
cal events affecting tidal 
maxima. The major tidal maxima 
occur in 1,700-yr cycles, the last 
occurring in Europe in 1433 A.D. 





Changes in coastal configura- 
tion as a result of differential 
rates of erosion of headlands and 
intervening stretches my affect 
patterns and volume of beach accum- 
lation, and hence sand supply to the 
dunes. Tectonic changes in the 
coast line could create the effects 
of submergence or emergence, in- 
creasing or decreasing sand activity 
(Russell 1970). Increased sediment 
loads, perhaps reflecting climatic 
change far from the dune areas then- 
selves, could provide massive new 
supplies of sand for rejuvenation. 


THE PRESENT SITUATION 


The generalized picture seers 

to suggest an ultimate stabilization 
of the coastal dunes several thou- 
sand years ago. Cessation of sub- 
mergence or perhaps even slight re- 
versal may have combined in concert 
with other factors to reduce sand 
supply from the beaches. This per- 
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mitted the development of an extens- 
ive deflation plain leeward of the 
retention ridges at the inner margin 
of the dune field. In some places, 
a second retention ridge seaward 
from the first, but parallel to it 
(Locality 19), or a smaller parabola 
dune enclosed within a larger one 
(Locality 9) suggest interruption of 
this process. General stabilization 
occurred but with frequent’ local 
instability. 


Large-scale rejuvenation then 
occurred. Using dune movement 
Studies and the present distance of 
the retention ridge from the beach, 
Cooper (1958, p. 14) estimates a 
minimum time of 2,750 yrs since the 
present activity began. This is 
sufficient time for restabilization 
to occur on a local basis on defla- 
tion plains and other places where 
sand movement temporarily slows. 
This vegetation is, in turn, again 
destroyed by local rejuvenation. 


This is the pattern we see 
today; it is especially well de- 
veloped north of Florence, Oregon 
(Locality 19), and north of Coos 
Bay, Oregon (Locality 23). At Sand 
Lake (Locality 9), a parabola dune 
of the current cycle of activity has 
traversed the entire 6,000 m to the 
mountain front between the marginal 
ridges of the older stabilized dunes. 
Three more parabola dunes are follow- 
ing in its path. Based on the 
current rate of movement of the new- 
est parabola dune (6 m/yr), the 
current activity would have begun at 


least 1,000 yrs ago. The three 
later dunes, however, have very 
little forest vegetation in their 


path and presumably would move more 
rapidly than the first one did. A 
time of 2,000 to 3,000 yrs to account 
for the activity in this area would 
not seem unreasonable. 
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Comparison of dune movement 
data with the drilled-well data dis- 
cussed earlier strongly suggest a 
resurgence of dune-building activity 
2000 to 3000 yrs ago. It cannot be 
determined if the bulk of the sand 
involved in the current activity 
represents materials already in 
place, or if it resulted from a tem- 
porary buildup in supply to the 
beaches. The bulk of this sand has 
already moved inland almost to the 
inner margin of the dune field (and 
farther in a few places). Except on 
a very local basis, there is no evi- 
dence of very large amounts of new 
sand accumulating near the beaches. 
The volume of sand collected in the 
newly formed foredune seems quite 
insignificant when compared to the 
massive oblique dunes and extensive 


transverse dune areas already in 
existence. 

The most likely sequence of 
events for the future is that the 


sand of the transverse ridges and 
oblique dunes, because of their di- 
rection of movement, will eventually 
be incorporated into the inner 
retention ridge. Using the rate of 
oblique dune movement calculated by 
Hunter et al. (1983), this 
could take at least 1,000 yrs. No 
new oblique dunes or_ transverse 
ridge systems will form. This ma 
be the result of sand accumulation 


in the foredune. However, it is 
also very likely that even in the 
absence of the present  foredune 


system, not enough sand would be 
available from the beaches to main- 
tain the present system of active 
dunes. As the active dunes work 
into the retention ridge, the lee- 
ward deflation plain will increase 
in width. Sand movement will slow, 
and eventually the entire system 
will be covered by vegetation, sta- 
bilizing even the retention ridge -- 
a full turn of the cycle once again. 











CHAPTER FIVE 
BIOTA 


FLORA 


The vascular plant flora of the 
coastal dunes appears to be remark- 
ably uniform from Cape Flattery to 
Cape Mendocino. However, the flora 
Changes toward the southern part. 


The change is due to the climatic 
shift at 46°N latitude noted 
earlier, from a mesothermal to a 


Mediterranean type climate (Breckon 
and Barbour 1974). This shift is 
not reflected in the flora until 43° 
30'N, near Coos Bay, Oregon. While 
not an abrupt change, it does mark 
the southern limit of the signifi- 
cant influence of the Subarctic 
Beach Flora and northern limit of 
the Dry Mediterranean Beach Flora 
(Figure 31). This boundary § also 
corresponds closely to the northern 
boundary of the California Floristic 
Province (Howell 1957) and the bound- 
ary at 44°N ae by Hitchcock and 
crenquist (1973) for the northward 
extension of the Klamath Flora. 


The significance of this can be 
seen in the presence or absence of 
Species on either side of this gener- 
al boundary. A number of dune 
Species do not occur north of Coos 
Bay: silvery phacelia (Phacelia 





argentea) and beach sagewort (Arten- 
isia pycnocephala), for example. 


Likewise, Targe-headed sedge (Carex 
macrocephala) and sweet gale (Myrica 
ale) do not occur south o 00s 
ay. A few more southerly species 


just barely make it into the region 
at the southern end: Hottentot-fig 
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al. 


(Mesembryanthemum edule) and sea-fig 
(M. chilense). Some species occur 
throughout the region, but become 
more important in one part or 
another: chaparral broom (Baccharis 
pilularis), for example, is far more 
common in northern California, while 
western red cedar (Thuja plicata) is 
more frequently seen in the dune 
forests of the north part of the 
region. Ten species occurring with- 
in the region are endemic to the 
Pacific coast of North America, and 
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Figure 31. Pacific Coast ecofloris- 
tic zones and subzones and major cli- 
matic boundaries (Koeppen system). 
The Pacific Northwest Coastal Region 
is notes. (Redrawn from Barbour et 
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are restricted to maritime habitats. 
One of these, dune tansy (Tanacetum 





douglasii), occurs entirely within 
the region between 49°N and 40°N, 
and another, wedge-leaved silver 
bursage (Ambrosia chamissonis_ ssp. 
cuneifolia), is found only within 
one degree of latitude, from 47° 
30'N to 46° 30'N (Breckon and 
Barbour 1974; Barbour et al. 1975, 
1976). OO 





No comprehensive vascular plant 
flora of the coastal dune systems is 
available. The work of Wiedemann 
(1966), Wiedemann et al. (1969), 
Johnson (1963), Parker (1974), and 
Barbour and Major (1977) includes 
lists of plant species that provide 
information about the dune flora. 
Only a small number of species are 
characteristic of the sand dunes; 
the remaining are generally distrib- 
uted widely on nondune areas as 
well. Appendix III lists the prin- 
ciple vascular olant species en- 
countered on the coastal dunes. 
Very little work has been done on 
the nonvascular  cryptogams and 
fungi. Wiedemann (1966) lists the 
most common bryophytes he encoun- 
tered on the deflation. plains. 
Leuthner (1969) studied lichen ha- 
bitats and associations on the de- 
flation plains. 


PLANT COMMUNITIES 


Most of the reports written on 
the coastal dunes in recent years 
describe the vegetation in terms of 
habitat (USDA-SCS 1975, Pinto et al. 
1972, Crook 1979a, Battelle 1974). 
Early studies of dune vegetation 
tend to be of a descriptive nature 
(House 1914 a, b; Byrd 1950, Egler 
1934; Cooper 1919, 1920, 1922, 1936). 
More recently, detailed synecological 
Studies, most based on floristics, 
have become available. Wiedemann 
(1966) and Kumler (1963) studied the 
deflation plains and active dunes, 
respectively, of the Oregon coast. 
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Johnson (1963) and Parker (1974) 
looked at the coastal dune vegeta- 
tion of northern California. 


Barbour et al. (1976) describe the 
beach and dune vegetation of the 
Pacific coast of the United States. 


region is 
sitchensis 
1973 


The entire coastal 
inciuded in the Picea 
Zone of Franklin and Dyrness 
in which Sitka spruce (Picea 
sitchensis) and western hemlock 
(Tsuga heterophylla) are the domi- 
nant climax species. In_ south- 
western Oregon and northern Califor- 
nia, coast redwood (Sequoia 
sempervirens (D.Don) Endl.) mes 
increasingly important. However, 
coast redwood has not been known to 
occur on the dunes. Sitka spruce 
continues south to Cape Mendocino. 











The occurrence of a climax 
community’ on sand dunes is a 
rather unusual situation. One of the 
most striking characteristics of the 
sand dune environment is its insta- 
bility. What is usually present is 
a mosaic of plant communities repre- 
senting all of the stages of devel- 
opment toward what might be consid- 
ered a climax community. However, 
the communities making up this 
mosaic are not necessarily discrete, 
temporary “successional stages” in 
the classic sense of "relay floris- 
tics" where one set of plant species 
is replaced by another until the 
climax is reached. 


In the first place, many spe- 
cies of later “stages” tend to be 
present almost from the beginning, 
and for the most part are independent 
of other species in their establish- 
ment and subsequent history in the 





‘Climax communi ty: a community 
permanently occupying a habitat and 
which perpetuates itself indefinitely 
unless disturbed by outside forces 
(Daubenmire 1968, p. 25). 
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communi ty. This corresponds’ to 


Egler's (1977, p. 164) notion of 
“initial floristic | composition", 
which is well demonstrated in the 


coastal dune communities. Secondly, 
local conditions may prevent prog- 
ress beyond a certain point. Contin- 
ually disturbed environments such as 
the hummocks will always be occupied 
by the same plant community. Salt 
Spray and wind or permanent high 
water may prevent the establishment 
of species not tolerant of these 
conditions. These situations could 
be viewed in the "“polyclimax" per- 


spective of Daubenmire (1968)°>”. 
Whatever interpretation is put on 
the observable situation, distinc- 


tive groupings of plant species can 
be recognized, and these groupings 
can be related to specific environ- 
mental conditions. 


Plant communities are usually 
named according to the most charac- 
teristic (or dominant) species of 
that community. If several life 
form stages ("layers") are present-- 
herbs, shrubs, trees--a character- 
istic species of each is included in 
the name. The characteristic spec- 
ies are usually, but not necessarily, 
present in all the stands’ of a 
community. This is especially true 
of herbaceous communities, and this 
is the reason why more than one spec- 
ies may be listed. It is also neces- 
Sary to realize that very few spe- 
cies are restricted to a single com- 
munity--they cross “boundaries” read- 
ily. However, almost all will be 





Many ossible climax types con- 
trolled by local microclimate. 

‘| Stand: the community as _ repre- 
sented on the ground. Each con- 


munity has one or more stands occur- 
ring throughout the dune landscape 
wherever 
permit. 


environmental conditions 


more common in one community than 
any other. The following discussion 
utilizes information from Wiedemann 
(1966), Kumler (1963), Parker (1974), 
Barbour et al. (1976), Barbour and 
Major (1977), and Becking (Humbolt 


State University, Arcata, California; 
pers. comm. 1983). This discussion 
does not include the plant communi- 
ties resulting from stabilization 
plantings (Chapter 6). 


The standard (Latinized) name 
of the community is given first. 
Species of the same life form (herbs, 
Shrubs, trees) are separated by a 
dash (--); those of different life 
forms by a slash (/). The English 
(common) name follows in parentheses. 
The number in brackets preceding the 
community name refers to the list of 
communities in Table 8. 


The native pioneer foredune 
vegetation is composed of the [1] 
ELYMUS MOLLIS--ABRONIA  LATIFOLIA 
COMMUNITY (American dunegrass--yel low 
sandverbena) (Figures 16 and 32). 
These species, along with others such 
as silver bursage (Ambrosia chamis- 
sonis), beach morning glory (Convol- 
vulus soldanella), and dune tansy 
(Tanacetum douglasii) form the low 
hummock complexes (foredunes) that 
used to be widespread along the 
coastal dunes just above the high 
tide line. This conmunity occurs in 
its pure form only in a few places 
today, and nowwhere is it extensive. 











The upper beach and active sand 
habitat has been largely taken over 
by the [2] AMMOPHILA ARENARIA COM- 
MUNITY (European beachgrass) (Figure 
15). There are very few associated 
species in the places where sand is 
most active. In the north, maritime 
pea (Lathyrus japonicus) is most 
common, and in southern Oregon and 














northern California, tree lupine 
(Lupinus  arboreus) is distinc- 
tive in the conmunity. %Occasion- 








Table 8. 


Sand dune plant communities of the Pacific Northwest Coastal Region. 





Plant community 


_ General habitat 


Comments 
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15. 


20. 


Elymus mollis--Abronia latifolia 
Arerican dunegrass--ye)low sandverbena 





tla arenaria 
European beachgrass 


Poa macrantha--Lathyrus littoralis 
seashore bluegrass--Deach pee 


Festuce rubra--Solidago spathulaete 
rec fescue--dune go) denrod 

Artemisia 
beach sagewort--dune go!) denrod 


Festuca rubre--Lupinus littoralis 
red fescue--seashore \upine 














Juncus falcatus--Trifolium wormskjoldii 
sickle-leaved rush--springbank clover 








Carex obmupte--Potentille pacifica 
slough sedge--Pacific silverweed 


Eleocharis palustris--Distichlis spicata 
Creeping spike -rush--seashore saYterats 


Spiraea dougiesit/Typhe latifolia 
Douglas's spirea/common cat-tet! 








Gaul theria shallon--Vaccinium ovatun 
sala)--evergreen huctlebderry 





Beccharis pi luleris/Scrophularia californica 
chaperra! broom/Caiiformia figwort 





Arctostaphylos uva-ursi/Rhaconitrium canescens 
kinnitinnick/silver moss 





Salix hookeriana-#yrice californica 
Hooker willow--Pacific wax—nyrtile 





Pinus contorte/Phododendron nacrophy! lun 
lodgepole pine/western rhododendron 





Pinus contorte/Arctostaphylos columbiene 
Todgepole pine /Pristiy manzanita 





Picee sitchensis--Pinus contorte/Selis« 
hooteriana, Eurync hiun oregenun 

Sithe spruce--lodgepole pine/Mooker willow/ 
Sregon beabed moss 








Pinus contorta/Cares obnupte 
lodgepole pine/slough sedge 





Thuje plicete/Ledun glandul osum 


western red cedar/smooth Labrador-tea 





Pseudotsugea menziesii /Rhododendron nacrophy!)un 
Doug! as fir/western rhododendron 





Tsuga heterophy!la--Pices sitchensis/Geultheria 
shallon/Blechnun spicant 
western henloct--Sitka spruce/selel/deer fern 








Open Gunes with blowing sand. 

Open dunes with blowing sand. 

Open duney with blowing sand. 

Sand plains with moderate sand 
movement. 

Send plains with moderate sand 


movement. . 


Sand plains with slight sand 
movenent. 


Wet deflation plains. 


Very wet deflation pleins. 


Saline areas on deflation plains. 


Edges of ponds, lakes. 

Dry to moist sand plains. 
Ory sand plains and ridges. 
Dry sand plains and blowouts. 
Wet deflation plains. 

Dune ridge tops. 

Sand plains and ridges. 


Wet deflation plains. 


wet dune hollows and swales. 


Wet dune hollows and swales. 


Dune ridges. 


Send plains, deflation plains. 


Native hummock forming species; threatened 
with loss of habitat; uncommon. 


Forms large hurmocks; requires send covering; 
most widespread herbaceous community. 


Netive Gume stabilizers; loss of habitet to 
European beachgrass, not common. 


Pioneer stabilizing herbaceous community; 
not widespread. 


Pioneer stabilizing herbaceous community, 
common south of Bandon, Oregon. 


Pioneer stabilizing herbaceous community; 
common “dune meadow.” 

Pioneer herbaceous community. common. 

Pioneer herbaceous community; connor. 

Herbaceous community; unusual, found mostly 
northern California. 

Aquatic community; relatively common. 

Common shrub stage. 

Shrub community of northern California dunes. 

Pioneer community; uncommon and easily 
destroyed in ORV areas. 

Common shrub community. 

Most widespread dune forest cormunity. 


Pelatively uncommon open forest community. 


Connonly found, but rarely of great ege. 


Open forest with wery sparse shruh understory. 


Unusual on the dunes. 


Climax dune forest; unconmon because of 
logging; trees of great age. 


Found in @ few pleces in the beginning stages; 
also on forest remnants. 





Specie of the same life form are separated by a dash (++), 


ally the native hummock species will 
occur in this community. 


On areas back from the foredune 
zone and on sand plains where sand 
is a little less active, a group of 
species pioneer that rapidly cover 
the ground surface rather than form 
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those of different life forms by a slash (/) 


hummocks. This [3] POA MACRANTHA-- 
LATHYRUS LITTORALIS COMMUNITY (sea- 
shore bluegrass--beach pea) (Figure 








33) has a ve associates: 
large-headed sed Carex macroceph- 
ala) (Figure 34), American Gtennta 
(TGTehnia leiocarpa) (Figure 35), 
coastline bluegrass (Poa con- 
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a eee oR a le ll 








Figure 32. 
flowers yellow, 8 to 10 am long. 





Finis). seaside daisy (Erigercn 
grave us), coast eriogonum (E 

Tatifolium), and others. an 
cover way” may range from very open to 
completely closed. European beach- 
grass can become established in this 
community in its early stages when 
sand is more active, or the com 
munity can become established in 
Stands of European beachgrass that 
have begun to deteriorate ause of 
a lack of blowing § sand. Both 
because of the spread of European 
beachgrass, and because of increased 
off-road vehicle activity (Chapter 
6), this community does not occur 
extensively anywhere. 


Where sand is shifted by the 






Yellow sandverbena. Leaves round in outline, 2 to 
Sand Lake, Locality 9. 
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> 4 cm long; 
May, 1964. 





wind only slightly, such as on shel- 
tered sand plains, old blowouts, 
or other disturbed areas, the [4 
FESTUCA RUBRA--SOLIDAGO SPATHULAT 
COMMUNITY (red aga HB yen gol den- 
rod) (Figure 36) develops. This 
community is found primarily in the 
north of the region, while in the 
south, the [5] ARTEMISIA PYCNOCEPHALA 
--SOL I DAGO SPATHULATA COMMUNI TY 
(beach sagewort--dune goldenrod) is 
more common. Other species found in 
this gerne thaw seashore lu- 
tye d Cations param littoralis) }e, black 
notwe ), P 
ong stra y,_ (Eraaarta an Ho- 

is). The species oF thes 0 

es will also be found + deter i- 
oratiod European beachgrass stands. 
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Figure 32. Seashore bluegrass--beach pea community. Mostly a mixture of sea- 
shore bluegrass and beach pea. Beach morning wt in the foreground; silver 
prtbeeg Fy the mound to the left. South spit, Humboldt Bay, Locality 33. 
June, . 








Figure 35. pivtele glehnia. Very 
sedge. low-growing plant, frequently partly 
Plants 15 to 20 cm high with large buried. Small, white flowers in 
flowering heads. An important sand several tight clusters (umbels). 
pioneer species in the north of the Sand pioneer in the seashore blue- 
diag Sand Lake, Locality 9. grass--beach pea community. Sand 
May, 1964. Lake, Locality $. May, 1964. 
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Figure 34. Large-headed 











Figure 36. Red fescue--dune 


gol den- 
rod community. There is a oye 
able bare ground but the sand is not 


active. Note of silver moss. 
This species is intolerant of sand 
burial. Sand Lake, Locality 9. 
September, 1964. 


The damp, stable sand surfaces 
of the deflation plains provide ideal 
habitat for the rapid development of 
plant communities. In places where 
there is ample moisture, but no 
standing water ai, ~~ om aS of 
the year, the [6] FESTU 
LUPINUS LITTORALIS COMMUNITY "Teed 
fescue--seashore lupine) develops. 
This is the we “meadow” of the 


sand dunes, is the community 
that is probably richest in numbers 
of species. This community does not 


seen to occur in northern California. 


Where water stands on the sur- 
face for one a hree months duri 


the winter, the [7] JUNCUS FALCATI 
~-TRIFOLIUM WORMSKJOLDII COMMUNITY 
(sickle-leaved rush--springbank 


clover) is found. This community is 
also high in number of species. 
Where water stands four to six 
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year, | the the [8] CAREX 
~~ ag PACIFICA COM- 
MUNITY (slough sedge--Paci fic 
silverweed) occurs. 


In northern California, on the 
Humboldt Bay spits, ocean waves oc- 
casionally wash across the foredunes. 
In the low places where this water 
settles, [9] ELEOCHARIS PALUSTRIS-- 

















DISTICHLIS SPICATA COMMUNITY (creep- 


wa ta 
sand 


ing spikerush--seashore 
a » essentially a 
salt marsh. Sand-dune sedge ice 


; 1 “ ), 
Grass,” buttons (coume’ sarenast: 









folia), and oak Wie ac- 
teristic of slightly saline habitats 
are also found. 


Where there is permanent stand- 
ing water, such as the shallow 
margins of dune and lakes, 
aquatic plant communities are found. 
These vary widely, depending upon 
such factors as water depth, water 
chemistry, and flucuation in water 
level. These are not treated in 
detail here, but typically a [10] 
SPIRAEA DOUGLASII/TYPHA LATIFOLIA 
COMMUNITY (Douglas's spirea/common 
cat-tail) would be found along the 
shallow edges of lakes and ponds. 


These herbaceous plant commni- 
ties tend to be present in a complex 
mosaic over the dune landscape. At 
any point along the environmental 
gradient from dry, unstable sand to 
very wet, stable sand there will be 
intergradation of the communities if 
the gradient is gradual. Very dif- 
ferent communities, however, an 





a r side by side just as easily 
if there are sharp changes in the 
local environment. This is espe- 


cially true where moisture is a 
controlling factor. It should be 
pointed out, too, that the oly 
species that are unique to sand dune 
areas are those that are adapted to 


conditions of blowing sand (essen- 


BEST COPY AVAILABLE 





tially commnities 1 to 5) Ali the 
others can be found on nondune areas. 
areas. 


In many of these communities, 
individual shrub and tree sg 
will be Bg me ty quite early. 
types 9 f shrub community can develop. 

[11] GAULTHERIA SHALLON--Y 
CINIUM OVATUM COMMUNITY (salal--ever- 


green huckleberry) wil! occur on 
drier sites (sand ager slopes, 
the north of 


and an cadles, mainly in 
on; while in northern Cali- 


foriie’ the [12] BACCHARIS PILU- 
LARIS/SCROPHULARIA CALIFORNICA COM- 
MUNITY (chaparral broom/California 
figwort)is found on the drier sites 
with tree lupine (tepte nus arboress| 
as a frequent associa 
sand plains and inactive phy 
the unusual [13] ARCTOSTAPHYLOS 
UVA-URSI/RHACOMITRIUM CANESCENS !2 
COMMUNITY (kinnikinnik/silver moss) 
(Figure 37) can be found. Because 
areas are favored by off-road 
vehicles, the occurrence of this 
community is becoming limited. In 
bg yo agg areas, where a * stands 
extent during 4) 
(deat on Jains, swales), "a 4 
X HOOKER IANA IANA--MYRICA CALIFORNWICA 
Coeur’ (Hooker willow--Pacific 


wax-myrtie) is most common. In all 
four of these communities seedlings 
of lodgepole pine (Pinus contorta) 
are almost always f e 

of the wetter sites will also have 
Sitka spruce seedlings. 


The most common forest commnity 
is the [15] PINUS CONTORTA/RHO- 
DODENDRON ##MACROPHYLLUM COMMUNITY 
(1 ole 
a (Fi 


pine/western rhododen- 
ron _ 38), developing mostly 
on the higher, well-drained sites. 
When mature, at about 100 yrs, these 
forests have canopies, ad it 
is not wmusual to find Douglas fir 




























12R 
Br 


itrimm canescens. (Hedw. ) 











Figure 37. Kinnikinnick--silver moss 


55 





conmuni ty. Asay Kae is rng obs 
covered b species. Eventu- 
ally the (mikinich a shades out the 




















moss and | le pine becomes es- 
tablished. Lake, Locality 9. 
September, 1964. 

(Pseudo menziesii) both as 
ryery Rt » In northern 
California, rhododendron is absent 
sik tasse a bed but Wiptic. 
8 ~tasse e ca 

nt in te north, Ts 
The 16) PINUS CONTOR ARCTOSTA. 


PHYLOS COLUMBIANA COMMUNITY jig 
pole pine/bristly manzanita) 
frequently encountered on sand ri 
tops may other dry sites where 









og pees is 7. (C) mee 
moss a rangi ter na 
in Hien) S$ Commonly present. 


On the deflation plains, @ [17] 
PICEA SITCHENSIS--PINUS CONTORTA/- 
SALIX HOOGKERIANA/EURYNCHIUM OREGA- 
NUM’? COMMUNITY (Sitka 
lodgepole pine/Mooker willow 
beaked moss) develops. The relative 
amoumts of Sitka spruce amd lodge- 








‘Eurhynchium oreganum (Sull.) Jaeg. 
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Figure 33. Lodgepole pine/western 
rhododendron community. Approxi- 
mately 100 yr old pine forest north 


of Florence, Locality 19. Trees are 
dying and falling over, ing the 
canopy. Wote the western hemlock in 


the center of the photograph. Sep- 


tember, 1964. 
pole pine present in any stand will 
vary considerably, denseties upon 


such factors as seed supply and ex- 
posure to wind and sait spray. Usu- 
ally the lodgepole pine is initially 
dense and provides shelter to the 
Sitka spruce seedlings, which are not 
tolerant of salt spray. In these 
situations, the Sitka become 
evident when they reach about 4 @ in 
height, and in t grow more 
rapidly than the lodgepole pine. 


Where water stands . parc 
ORTA/- 











f the 18) PI% 

CAREX OBMUPTA ouenti’ ‘lodgepole 

pine/sVough sedge) {| common! y 
Sphagnum mos: (Sphagnum 
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spp.) can occasionally be found in 
these places. Also in wet habitats, 
but where acid bog conditions have 
developed through long accumulation 
of organic matter, a [19] THWA 
PLICATA/LEDUM GLANDULOSUM COMMUNITY 
(western red cedar/momtain Labra- 
dor-tea) can occur. a moss 
oa ato in a 


Te terernte 
kero plant (Dar) Senta califor- 
nica) has become 


sit 




















Given enough time, climx 
forests can develop. Mly 
areas exist on the present dunes. 
On the hi » dry sites, the [20] 
PSEUDO MENZIESII /RHODODENDRON 
MACROPHYLLUM COMMUNITY (Douglas fir/ 
western rhododendron) eventually 
devel from the initial lodgepole 
gum orest. Western hemlock is a 

t associate. In northern 
California, grand fir ets andis ) 
occurs with the Douglas fir on the 
dunes. On the more moist reas the 
"zonal" or “climatic climax" can 
develop: [21] TSUGA HETEROPHYLLA-- 
PICEA SITCHENSIS/GAULTHERIA SHALLON 
/BLECHNUM SPICANT COMMUNITY (western 
heml ock--Sitka spruce/salal/deer 
fern). Very little of this type of 
forest is found on the dunes. 











The successional relationships 
that can be traced among these com- 
munities are illustrated in Figure 
39. Some of these relationships my 
be easy to see in the field, while 
others are a bit tenuous simply 
because the “dividing line” between 
commnities my be vague. The 
AMMOPHILA AREWARIA and the ELYMUS 
MOLLIS--ABRONIA LATIFOLIA COMMUNITIES 
are a sort of “pioneer climax" 
because of the instability of the 








habitat. Vegetation becomes estab- 
lished; hummocks form and then 
erode to reform elsewhere. 


away 
Occasionally stabilization of these 
hummocks takes place because of 
reduced erosion. 
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(17) SITKA SPRUCE--LODGEPOLE PINE/ 
(16) LODGEPOLE PINE  BRISTLY (18) LODGEPOLE PINE WESTERN HOOKER WILLOW /OREGON 
MANZANITA RHODODENDRON BEAKED MOSS — (18) LODGEPOLE PINE/SLOUGH SEDGE 

very dry. ndge tops) (dry. mdge dopes and sand plans) (mort, deflation pias) (standong waicr) 
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(20) DOUGLAS FIR), WESTERN (21) WESTERN HEMLOCK--SITKA (19) WESTERN RED CEDAR/SMOOTH 
RHODODENDRON SPRUCE/SALAL/DEER FERN LABRADOR.-TEA 
(Gry. dune ndges, sdopes. sand plans) (morst. deflation plains) (standing water) 
Figure 39. 


coastal dunes. 
plant communities found only on the 


Shows the most common and obvious successional pathways. 
common or possible pathways. 
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(1) AMER‘ AN 


DYXUNEGRASS- 
YELLOW SANDVERBENA 


(cychce hummock) 


(7) SICKLE-LEAVED RUSH--SPRINGBANK 
CLOVER 


(i) (© ) mos. standeng water) 


(14) HOOKER WILLOW-- PACIFIC 
WAX-MYRTLE 


(mor, some standing water) 


on. 
able 8. 


The dashed line ( 
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(8) SLOUGH SEDGE--PACIFIC 
SILVERWEED 


(4 to 6 mos. sanding water) 


The number in 
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General successional relationships of sand dune plant communities of the Pacific 








Northwest 
Plant conmunities resulting from stabilization plantings are not included, nor are 
sand dunes south of Bandon, Or 


before each plant community refers to the number of that community in met same 


The solid line 
) shows the less 








In general there are no succes- 
sional relationships among the five 
herbaceous communities that develop 
on sites with varying degrees of 
sand activity and levels of soil 
moisture. However, both the FESTUCA 
RUBRA--SOLIDAGO SPATHULATA COMMUNITY 
and the POA MACRANTHA--LATHYRUS 
LITTORALIS COMMUNITY could be 
succeeded by the FESTUCA RUBRA-- 
LUPINUS LITTORALIS COMMUNITY if 
‘moisture conditions are favorable. 


The shrub communities invariably 
follow on from one of the herbaceous 
communities. Close to the shore, 
shrub vegetation may persist indefi- 
nitely because wind and salt spray 
inhibit the growth of trees. Trees 
may be present, but they never grow 
taller than the predominant shrubs. 
The forest communities usually 
succeed the shrub communities, but 
it is mot unusual for the tree 
species to become established in the 
herbaceous vegetation. When this 
happens, thickets of either lodgepole 
pine or Sitka spruce can develop 
that grow into older forests having 
&@ minimum of understory vegetation. 


PLANTS AND THE ENVIRONMENT 


Plants growing on coastal dune 
areas encounter a number of adverse 
environmental conditions: substrate 
instability, soils poor in nutrients, 
Strong winds, salt spray, and soil 
water situations ranging from defi- 
cient to permanent standing water. 
Some of these factors are restrictive 
in that only plants with special 
adaptive features can tolerate then. 
Only plants that can grow through 
covering layers of sand will grow in 
unstable areas. Extensive tillering 
by Europeca beachgrass, the rhizomes 
of large-headed sedge, the vines of 
beach morning glory, and the thick 
rootstocks of sandverbena are al] 
examples of such adaptation. Large 
seeds 


with a food-storage capacity 


that permits germinating seedlings 
to grow through a deep sand covering 
is another example of adaptation 
found in American glehnia and beach 
pea. 


Strong winds and wind-borne salt 
Spray have a significant effect on 
plant life, especially near the 
shore. The main effects are defor- 
mation of growth form and injury to 
the growing tips. Many shrubs and 
trees respond by developing a iow, 
much-branched, bushy growth fom-- 
lodgepole pine is a good example. 
Others, such as Sitka spruce, are 
intolerant of such exposure, and can 
become established only in the 
shelter of other plants. In some 
areas, development of vegetation is 
restricted to a low, compact growth 
form. Many trees may be present in 
the apparently dense shrub cover, 
but the growth of both trees and 
shrubs is restricted to a uniform 
“wind-pruned" height. As distance 
from the shore increases, the height 
of the vegetation increases until 
some distance inland the trees actu- 
ally dominate and forest prevails. 


Because of the high annual 
rainfall and cool temperatures, soil 
water is rarely lacking, even on 
exposed dune ridges. Water defi- 
ciency may occur at the end of songs 
dry summers or in years of abnormally 
low rainfall. High rates of evapo- 
transpiration caused by — strong, 
constant winds can be a _ problen, 
especially near the shore. Plants 
of these areas have adaptations to 
prevent water loss: leaves that 
roll up longitudinally on European 
beachgrass and American dunegrass; 
thick, waxy cuticles on the leaves 
of coast strawberry; and thick, 
hairy leaves on silver  bursage. 
Adaptations to high water table are 
necessary to plants on deflation 
plains and interdune hollows. Rush, 
willow, and sedge species are 
commonly found in wet habitats. 











The lack of essential plant 
nutrients poses an_ interesting 
problem on dune soils. Plants 


become established and seem to 
flourish on a substrate that appears 
to be devoid of such nutrients. The 
foredune supports a large amount of 
vegetation, especially European 
beachgrass. Ranwell (1972, p. 166) 
discusses the role of bacteria and 
fungi as suppliers of nitrogen. 
Data from studies in Great Britain 
show high concentrations of these 
organisms in dune sands supporting a 
cover of Toba) beachgrass. Van 
der Valk (1974 working on the 
Atlantic coastal dunes of the United 
States, determined that the annual 
input of potassium, sodium, calcium, 
and magnesium from salt spray and 
precipitation exceeded the loss of 
these nutrients to leaching and 
plant use. The retention capacity 
of these dune soils is very low, but 
input of nutrients is continuous. 


By contrast, the development of 
plant cover on high sand plains away 
from the shore and with little sand 
movement is very slow. When European 
beachgrass is planted on these 
areas, applications of fertilizer 
always produce dramatic increases in 
growth. In one case, aerial spray- 
ing of fertilzer overlapped onto the 
adjoining sparse FESTUCA RUBRA-- 
SOLIDAGO SPATHULATA COMMUNITY, re- 
sulting in the rapid growth of the 
red fescue into a dense, continuous 
cover. In these situations the lack 
of nutrients clearly limits plant 
growth. On older dune soils, exces- 
sive drainage, acidity, and poor 
nutrient status are limiting factors. 
Plants found on these soils are 
characteristic of these conditions 
wherever they are found: lodgepole 
pine, western rhododendron, and 
bristly manzanita. Studies of sand 
dune plant--soil relationships have 
been limited. 
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FAUNA 


northwest Pacific coast 
included in its entirety 
(1963) “heml ock--red 
assocation” of the 
— western hem] ock forest 
biome. "** The characteristic 
large mammals of this association 
include the wapiti, or Roosevelt 
elk, black-tailed deer, bobcat, and 
black bear. Of the many small mam- 
mals, the deer mouse, snowshoe hare, 
and Douglas squirrel are very com- 
mon. The Red Crossbill, Chestnut- 
backed Chickadee, and Steller's Jay 
are abundant and characteristic 
birds. 


The 
region is 
in Shelford's 
cedar--wapiti 


sand dunes are a 
"faciation" (a subdivision of aan 
association) of the  hemlock--red 
cedar--wapiti association, and in 
general reflect its fauna. Pinto et 
al (1972) list 426 species of wild- 


The coastal 


Tife (birds, fish, shellfish, mam- 
mals, amphibians, and reptiles) that 
inhabit or use the Oregon Dunes 


National Recreation Area and offshore 
waters. This number includes animals 
of nondune (but adjacent) habitats, 
and animals that have not been 
actually observed, but are expected 
to use the various habitats. Records 
for other dune areas are meager. 


Very little information is 
available on the ecology and behavior 
of sand dune animals. Reardon (1959) 
Studied the mammals of the dunes on 











the Oregon coast, especially the 
‘“This bione includes the Picea 
sitchensis zone and the Tsuga heter- 
OphyTla zone (Sitka spruce and 
western rep loa of Franklin = and 
Dyrness (1973) ._as well as_ the 
Sequoia sonpery i rens (coast redwood) 

orests southern Oregon and 


ortiers eckiverats, 








adaptive behavior of the common deer 
mouse (Peromyscus maniculatus) on 
the forested dune remnants. Wilson 
(1980) studied the nesting ecology 
of the Snowy Plover (Charadrius 
alexandrinus). Maser et al. [(T98T) 
provide detailed descriptions of the 
natural history of 96 coastal mam- 
mals, but there is no specific dis- 
cussion of the sand dunes and their 
animals. 








The invertebrate fauna of the 
dunes is very poorly known. Exten- 
sive research in Europe (Ranwell 
1972) indicates that sand dunes 
support many kinds of invertebrates 
with complex interactions. Shelford 
(1963, p. 228) describes the charac- 
teristic invertebrates for a number 
of dune habitats on the Oregon coast 
(Table 9). The bee fauna of the 
coastal dunes at Humboldt Bay 
(Locality 33) has been studied by 
Gordon (1983). His work covers 
floral visitation, species distribu- 
tions, nesting locations, flight 
seasons, and abundance estimates. 
There is also much interest in the 
rare and endangered Oregon silver- 
spot butterfly which occurs on some 
dune areas (Stine 1982). 


WILDLIFE HABITATS 


Many different systems of class- 
ifying landscapes on the basis of 
habitat have been developed. The 
Simplest is based on vegetation life 
form (physiognomy), and some condi- 
tion of the substrate (usually the 
amount of water present). For the 
coastal dune systems seven habitats 


can be easily identified: open 
dunes, grassland and meadow, shrub 
thicket, forest, marsh, riparian, 


and lakes and ponds. The waters of 
rivers and streams flowing through 
the dunes are not considered dune 
habitat here because of their origin 
and termination in such widely dif- 
ferent ecosystems. The borders of 


60 


BEST COPY AVAILABLE 


these streams are, however, a special 
dune habitat (riparian). 


Each of these habitats has a 
characteristic fauna, but many 
animals will be found in more than 
one habitat. Also, based on current 
knowledge, none of the habitats, as 
they occur on sand dunes, are criti- 
cal to the existence of any animal 
species. (Both the Snowy Plover and 
Oregon silverspot butterfly, dis- 
cussed in Chapter 6, utilize nondune 
habitats.) However, knowledge of 
the dune fauna, especially the in- 
vertebrates, is incomplete, and it 
cannot be assumed that there are no 
animals that are entirely dependent 
on dune habitat for their existence. 


From other perspectives, all of 
the dune habitats can be considered 
critica’. Wetlands generally are 
considered critical habitats. The 
dune marsh, riparian, and lakes and 
ponds habitats are included in the 
palustrine, lacustrine, and riverine 
systems of the U.S. Fish and Wild- 
life Service's classification of 
wetlands and deep-water habitats of 
the United States (Cowardin et al. 
1979). The marsh, riparian, and 
older forest (especially snags) are 
considered critical habitats as dis- 
cussed by Pinto et al. (1972, p. 49) 
and Proctor et al. (1980, Vol. 2). 


As noted in the following dis- 
cussions, a number of these dune 
habitats can be considered critical, 
either because they are unique to 
the dunes (open dunes), or because 
that habitat on the dunes constitutes 
a major proportion of the total habi- 
tat area of that type along the coast 
(meadow, marsh, lakes and ponds). 
All of the animals listed can be 
found in similar nondune habitats, 
but if the dune habitat is all there 
is, then it becomes. critically 
important. 








Tabie 9. Invertebrete animals of the Pacific Northwest coast dunes. (Adapted 
from Shelford 1963.) 

















Habitat Invertebrates 

Meadow/Grassland On sand: 
Ant (Formica neogagates lasioides) (These 3 species 
Ant (Formica fusca subaenescens) counted at 
Spider, immature, sand colored 60 per m*) 


Shrub Thicket 


Young forest 


Coast tiger beetle (Cicindela bellissima) - Smal] numbers 
Scarabaeid beetle (Polyphylla decimlineata) - Dug from sand 








On grasses: 





€reen leafhopper (Laevicephalis siskiyou) 
Snout beetle (Trigonoscuta pilosa) 

Bee (Psithyrus variabilis) 

Tenebrionid beetle (Coelus ciliatus) 


Melyids 
Beetles 











In and under vegetation: 





Tenebrionid beetle (Coelus ciliatus) 
Tenebrionid beetle (ETeodes) © 

Ant (Formica neogagates Tasioides) 
Ant (Formica fusca subaenescens) 
Click beetle larvae 

Spiders, three types 











In and on fallen tree trunks: 





Ant (Formica fusca neorufibarbis) 
Ant (Formica fusca subaenescens) 
Ant (Camponotus sansabeanus vicinus) 
Ternite (Zootermopsis anqusticolles) 
Yellow-margined millipede (Harpaphe) 

















In undergrowth: 





Click beetle (Ctenicera bombycinus) 
Click beetle (Athous pallidipennis) 
Robber fly 
Neuropteron (Aqul 1a) 
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Table 10 lists the dune habi- 
tats and shows their relationship 
to dune forms, plant communities, 
and other classification systems. 
In the following discussions, a few 
characteristic animals are listed 
for each habitat. Appendix IV lists 
the vertebrate animals that are 
known to occur (based on observation) 
in each of these habitats. 


Open Dunes 


Unvegetated sand plains, blow- 
outs, transverse ridges, ne provide 
dunes are all areas 
little or no cover = hal 
Many animals, from large seats % 
insects, cross these areas. It is 
not uncommon, for example, to see a 
rough-skinned newt slowly making its 
way across a wide stretch of sand. 
Otherwise little apparent use is 
made of then. One exception is the 
use of the sand at the windward base 
of the foredune, especially at the 
ends of sand spits, by the Snowy 
Plover for nesting habitat. Another 
kind of use, easily observed in 
summer, is the feeding by swallows 
above the open dunes. 


It is also becoming apparent 
that there my be invertebrate 
animals that make extensive use of 
+. sand areas (Figure 40). Gordon 
(1983) lists 43 species of bees in- 
habiting undisturbed dune ecosystems, 
many utilizi open dune areas 
(Figure 41; Table 11). Some of these 
may be restricted to this habitat. 
No known work of a similar nature 
has been carried out on the Oregon 
and Washington dunes. 


The open dune habitat is poten- 
tially a critical and —" age one. 
European beachgrass, rapid 
spread, is reducin the "ares ot open 
dunes; while the disturbance of off- 
road vehicle activity can make habi- 
tation or use of these areas by ani- 
mals difficult or impossible. 
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Figure 41. 


open 
Dunes Preserve, Humboldt Bay, Local- 





Figure 40. Insect tracks and burrows 
on open sand. Patterns such as this 
tend to be er . around 
aerhoe 7 =, ae os anon sy abe 
rimrose in § a 

spit, Humbol dt locality 33. 
June, 1983. 





Area of bee burrows on 
sand. Lanphere-Chr is tensen 


ity 33. June, 1983. 
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Table 10. 





Characteristics and classification of sand dune wildlife habitats of the Pacific Northwest 
Coastal Region. 





U.S. Fish and Wildlife Service 


U.S. Forest Service 
habitat classificatiorD 





Habitat Characteristic dune forms Characteristic plant commwnities wetland classificati 
Open dunes Sand plain, oblique dune, transverse None hone None 
ridge, parabola dune, blowout. 
Grassland and Foredune, sand hummock, deflation plain, European beachgrass; red fescue~-- Palustrine, emergent (PEM). Foredune (FD), hummocks (MWS, I, HA), 
ne adow sand plain. seashore lupine; seashore bluegrass -- deflation plain (DC! 
beach pea 
Shrub thicket Sand plain, deflation plain, dune ridge, chaperral broom/California figqwort; Palustrine, scrub/shrub (PSS). Deflation plain (DG, OT), 
swale salel- huckleberry; Hooker plantations (P) 
willow--Pacific wax-ayrtie 
Forest Sand plain, deflation plain, dune ridge, lodgepole pine/western rhododendron; Palustrine, forested (PFO). Deflation plain (DST), forest ridge 
remnant forest mound. Sitka spruce--lodgepole pine/Hooker (SFR), transition forest (TF, TFO) 
willow/Oregon beaked moss; Douglas 
fir/western rhododendron 
Marsh Deflation plain, swale. slough sedge--Pacific silverveed; Palustrine, emergent, scrub/shrub Marsh (™) 
Hooker willow--Pacific wax-nyrtle (PSS (PEM). 
Riparian Any of the preceding. Any of the preceding. None. Piparian, lakeside (P-.) 
Lakes and Ephemeral ponds, dune lakes. Douglas's spirea/common cat-tai! Lacustrine, littora! and Lakes - ponds (L-P) 
ponds limmetic (1,82). 





* based on Topical Wetland Overlays Coos Bay 1 (Reedsport) and Coos Bay 2 (Coos Bay), in conjunction with “Information and legend for large scale 


draft topical owerlays”, Nationa) Wetlands Inventory, U.S. Fish and Wildlife Service. 
6 Lacustrine units, and 4 Riverine units for the dune areas. 


Dé rom Pinto et al. 1972, p. 47. 


These overlays show 23 Palustrine mapping units, 


Associated Marine and Estuarine units were not considered. 





Table 11. 
Humboldt Bay, California. 


Bee species found by Gordon 


(1983) on the coastal! sand dunes of 





Andrenidae 
Andrena (Andrena saccata 
Andrena (Melandrena) sp- 1 
Andrena (TyTanda: ona) sp. | 
Endrena (TyTa na) sp. 2 


Viereck) 











Anthophori dae 
Anthophora urbana urbana Cresson 
Cerating (Zadontomerus) acantha Provancher 
s furcatus pernioris (Cresson) 
peteerepsts atserabtTTs (Cresson) 
Epeo 


US minimus (Robertson) 

















Apid 


ae 
is millifera Linn 

a Fecvigobenbes) californicus Smith 

Bombus ( ;) caliginosus (Frison) 

Bonbus Ryrobonbus Sduands 77 Cresson 


Bonbus ( pee: mixtus Cresson 
Bombus ( nevadensis Cresson 

















Colletidee 
antes hyalinus o nsis Timberlake 
+ eaeastt eh Setar ies Tfroms (Ck11) 








Toast (HyTaeus) maritimus Bridwell 





Halictidee 
Dialictus cabrillii (Ck11) 
LOL § = re ornus alia 
FEvyTaeus k 
Tetictus Tet ic tus) rubicundus (Christ) 
oH. Tossum a Tae (CkT™) 
ossum onotum (Ck11) 





— 


Megachilidae 
Anthidium pal iiventre Cresson 
(BoreocoeTToxys) rufitarsus Smith 


Coelioxys 
chile (Xanthosaurus) perihirta -51) 
chile (¥e chile) eri Mitchel) 
mia Testa} albolateralis ck?) 























Bormbus (Bombus} occidentalis Greene Osmia (Chenosmia) dolerosa Sandhouse 

Bombus (Pyrobombus) sitkensis Nylander Usnia (Reanthowso( des ) in te ra Cresson 

Bombus (Pyroborbus vosnesenskii Radoszkowsk i ae : (Usmia) TigqnarT. 

Psithyrus (Fernaldaepsithyrus) ternaldae Franklin Vents (Teonthosmetdes ides} J a cki} 

Psithyrus (Cabertepet Gates] insularis (F. Smith) ts TtheTynia) leucotric 11) 
Grassland and Meadow Oregon silverspot butterfly occurs 





This habitat includes the drier 
European heachgrass-dominated fore- 
dunes and hummocks, the grasslands 
of the stabilizing sand ridges and 
plains, and the more moist meadows 
of tie deflation plains. Areas with 
widely spaced low shrubs are also 
included. The most common birds 
seen in these areas include’ the 
Savannah Sparrow, White-crowned 
Sparrow, Golden-crowned Sparrow (in 
winter), Song Sparrow, Meadowlark, 
American Goldfinch, Northern Harrier, 
and American Kestrel. Both striped 
skunk and the Beechey ground squirrel 
are frequently seen, the latter uti- 
lizing the hummocks for burrows and 
feeding on the seeds of European 
beachgrass. The deer mouse is com- 
mon, but not easily seen. Common 
garter snakes and the Pacific tree 
frog are the most commonly’ seen 
reptiles and amphibians. The rare 
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on a few dune meadows close to the 
shore (see discussion under “endan- 
gered species", Chapter 6). The 
tracks of insects and other inverte- 
brates are frequently seen in the 
more open areas of this habitat. 
The large debris nests (up to a 
meter tall) of mound-building ants 
are encountered in somewhat more 
shrubby areas. 


Meadows are not extensive along 
the coast, occurring mainly on dunes 
and rocky headlands. Loss of meadow 
by natural succession to forest is 
probably balanced over the long term 
by the creation of new meadow by re- 
newed sand activity afd other de- 
Struction of forest. Meadows very 
close to the shore (including head- 
lands) are probably maintained for a 
long time because of the effects of 
Salt spray and wind. Extensive use 
of natural dune meadows, both for 











agriculture and urban development, 
results in a loss of habitat that 
may approach the critical stage for 
some species (the Oregon silverspot 
butterfly is a good example). 


Shrub Thickets 





Shrub thickets can range from 
low-growing (1 to 2m) vegetation 
that is dense but not completely 
closed, to tall (2 to 4m), dense, 
impenetrable stands of shrubs and 
young trees. These thickets are 
found on sand ridges and sand plains 
in the process of stabilization and 
on deflation plains. Brush rabbits 
and black-tailed deer are common in 
this habitat, along with deer mice 
and Townsend's voles. A_ greater 
variety of birds use this habitat. 


In addition to those found in the 
meadow habitat, the most commonly 
seen include  Bushtit, American 
Robin, Rufous Hummingbird (summer) 


and Yellow-rumped Warbler (winter). 
The reptiles and amphibians are 
Similar to those of the meadow 
habitat. 


Shrub thickets are common along 
the coast. Human activity, such as 
logging, creates more such habitat. 
It is probably least critical of all 
dune habitats in terms of loss of 
area. 


Forest 


The dune forest habitat tends 
to have enough of an open —" to 
permit the development of a nse 
shrub layer. Younger forests may 
tend toward the shrub thicket type 
of habitat, while older forests will 
approach the climax forest situation 
with very large trees, closed Canopy, 
and sparse shrub and herbaceous 
understory. This latter type is not 
commonly encountered on the dunes. 
The forest habitat has a great diver- 
Sity of wildlife. Dead trees or 
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snags are common and utilized by many 
animals. Cavity nesters such as Tree 
Swallows, woodpeckers, and owls use 
snags as nesting sites. Birds of 
prey--Red-tailed Hawk, Osprey, and 
Bald Eagle--use them for perching 
sites. Pileated Woodpeckers are 
seen on snags in the older forests. 
These forests are also utilized by 
Great Blue Herons for the establish- 
ment of heronries. A larae number 
of resident passerine birds utilize 
these forests: Steller's Jay, Black- 
capped Chickadee, Bushtit, Wrentit, 
Bewick's Wren, Golden-crowned King- 
let, Ruby-crowned Kinglet, Cedar Wax- 
wing, Purple Finch, Dark-eyed Junco, 


Song Sparrow, and others. Among 
mammals, the Pacific mole, racoon, 
Townsend's chipmunk, chickaree, 
bushy-tailed woodrat, and black- 
tailed deer are characteristic. 
Rough-skinned newts, Pacific tree 
frogs, garter snakes, and northern 


alligator lizards are common reptiles 
and amphibians. 


Young forests (100 yrs or less) 
are extensive on dune lands in some 
areas. They develop rapidly in most 
cases, once stabilization begins, es- 
pecially on deflation plains. Older 
forests are rare, not only on the 
dunes, but all along the coast. The 
critical elements of these forests 
are the large trees and dead and 
dying trees so important to certain 
Species. Any reduction of such habi- 
tat that still exists is critical. 


Marsh 





Areas with standing water most 
of the year and with a _ variable 
amount of vegetative cover defiue the 
marsh habitat. Low deflation nlains; 
Swales; very shallow, sometimes 
ephemeral, dune ponds; and the 
edges of larger ponds and lakes are 
examples of such areas. The vegeta- 
tion can range from grasses and 
sedges to shrubs to open forest. 
Grebes, several species of duck, and 


_ , aaa faigent: 
i j rj A\s t ‘ 








Tundra Swans use this habitat exten- 
Sively during the winter. Resident 
birds include Great Blue Heron, 
Mallard, Wood Duck, American Coot 
and Common Snipe. Mink, beaver, and 
muskrat are characteristic mammals, 
while rough-skinned newts and several 
species of frogs are commonly seen. 


As a wetland, marsh is consid- 
ered critical habitat almost every- 
where it occurs. Along the immediate 
coast, almost al] marshes are associ- 
ated with the dune areas. The total 
area is limited, and losses can be 
critical to the large numbers of 
animals dependent on marsh habitat 
at some stage in their life cycles. 


Riparian 


The vegetation bordering dune 
ponds and lakes, and the streams 
flowing through the dunes is a 
special habitat. In terms of species 
and growth form, this vegetation is 
generaliy of the same kind as that 
found on adjoining deflation plains 


and other dune areas. It is the re- 
lationship to open or flowing water 
that is significant. While the ani- 


mals utilizing this habitat include 
many found in other habitats, some 
are more likely to be found here: 
shrews of several species, river 
otter, the white-footed vole, Pacific 
jumping mouse, and several species 
of salamander. Of the birds, the 
Belted Kingfisher is common here all 
year, while in summer the Osprey and 
several species of .swallow are con- 
spicuous residents and users of this 
habitat. 
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The greatest threats to. this 
habitat are logging (especially along 
rivers), and commercial devel eouant 
(around lakes). The amount of river 
riparian habitat on the dunes is 
small, but there are many lakes and 
ponds. Because most coastal lakes 
and ponds are associated with the 
dunes, any loss of this dune habitat 
affects the total habitat available. 


Lakes and Ponds 





Dune lakes and ponds vary con- 
Siderably in size, but almost all, 
even the smallest, are host to vari- 
ous kinds of animals. As many as 20 
species of fish are found, mostly in 
the larger marginal lakes such as 
Tahkenitch and Siltcoos. Rough- 
skinned newts, river otter, beaver, 
and. muskrat are common in this 
habitat. Most of the birds utilizing 
the marsh habitat are also found 
around the lakes and ponds, especial- 
ly the overwintering species. In 
addition, loons, Great Egret, and 
several additional species of duck 
are winter users. Characteristic 
residents include the Common Loon, 
Double-Crested Cormorant, Great Blue 
Heron, and American Coot. 


As wetlands, lakes and ponds 
are critical habitats. Although 
relatively numerous through this 


coastal region, they do not consti- 
tute an extensive total area. High 
levels of human activity and pollu- 
tion are both factors which can 
affect animal use, especially on 
smaller bodies of water. 








CHAPTER SIX 
HUMAN IMPACT 


Coastal dune lands attract the 
attention of people wierever they 
occur. In areas with a lung history 
of increasing human population, sand 
dunes become an important land re- 
source. Along the coasts of Europe, 
particularly, many of the extensive 
sand dune areas have been so altered 
by human activity over the past five 
centuries that their original nature 
cannot be determined (Ranwell 1972, 
Chap. 13). 


Heavy grazing, deforestation, 
water extraction, and introduced 
species have all had an impact on 
these European dune systems. One 
striking example was the control of 
vegetation by the grazing of enormous 
numbers of rabbits. The sand dunes, 
especially in Britain, were used ex- 
tensively in medieval times as rabbit 
warrens. Wild populations became 
established and spread without con- 
trol. The grazing of these many 
rabbits maintained the vegetation as 
a ow-growing meadow over large 


areas. Only after these populations 
were drastically reduced in the 
1950's because of disease, and the 


resulting dramatic change to a dense 
shrub and tree vegetation was ob- 
served, was the effect of the rabbits 
noted. In more recent times, pollu- 
tion, recreation (golf courses and 
heavy visitation use), and affor- 
estation have also made a significant 
impact. 


Many of these factors are also 
important in North America. The 
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dune systems of the Atlantic coast 
have been subjected to many changes 
as a result of nearly four centuries 
of settlement and development by 
European man (Godfrey and Godfrey 
1974). Caucasian settlement of the 
Pacific coast has been very recent, 
but even this period of about 150 
yrs has resulted in dramatic impacts. 
One need only consider the massive 
dune system (a minimum of 36 km 
according to Cooper (1967, p. 42) 
now completely covered by the city 
of San Francisco. 


Farther north, along the Pacific 
Northwest coast, populations are less 
dense, and impact has been less 
severe. However, the impact is no 
less significant. Since this region 
has some of the most spectacular 
coastal dunes in the world, an under- 
standing of the effect of human in- 
fluence and a knowledge of present 
and potential problems seems crucial. 


GENERAL IMPACT 


Settlement and Primary Industry 





The first towns along the corst 
were established at river mouths, on 
bays, or on sand plains. Long Beach 
Peninsula and the Clatsop Plains 
(Locality 3 and 4), with their par- 
allel ridge dune systems, were the 
focus of early settlement around the 
mouth of the Columbia River. Part 
of Newport (Locality 15) and most of 
Florence (Locality 19) are built on 








sand dunes. Small settlements are 
found on parts of other dune areas 


as well. Such settlement destroys 
dune forms and obliterates dune 
landscape, but the original towns 
were small and their overall impact 
relatively minimal. 


One of the early attractions of 
some of the dune areas were the ex- 
tensive grass meadows, such as on 
Long Beach Peninsula, the Clatsop 
Plains, and the area around Bandon 
(Locality 24, 25). These grass 
meadows were probably successional 
stages in the development of dune 
vegetation to forest communities, 
but some may have been long lasting. 
In their journals, Lewis and Clark 
in 1806 describe the Clatsop Plains 
as “prairie” (Cooper 1958, p. 174). 
Small-farm owners made use of these 
areas for grazing. Overgrazing 
quickly destroyed the plant cover 
and rejuvenation of sand activity 
occurred. As a result of this graz- 
ing damage and of human settlement, 
apparently no trace remains of these 
once extensive grasslands, either 
around the Columbia River or in the 
Bandon area. Similer rejuvenation 
occurred in other places where agri- 
culture was attempted on sand dunes, 
but the extent was not nearly so 
great. 


There was some development of 
cranberry bogs where acid peat soi's 
formed in dune swales. This use, 
mostly north and south of the Colun- 
bia River, and to some extent, just 
north of Coos Bay (Locality 23), has 
been relatively insignificant. Log- 
ging also has not been important as 
an agent of change, mostly because 
the dure areas do not support exten- 
sive stands of merchantable timber. 
Uld-growth forests of western hemlock 
and Sitka snmruce were limited in ex- 
tent. Most of these have heen 


logged, Sut some remain. 


Fire as a human agent of change 
in the past 130 yrs has not been im- 
portant. Although fires increased 
in frequency in the adjoining moun- 
tain forest, the dune vegetation was 
hardly affected. Rapid control of 
fires and the isolation of the dune 
areas are probably the principle 
reasons for this. Natural fires in 
the past swept over great areas and 
could have spread to dune forests 
much more readily. 


Urban and Industrial Exploitation 





Since the enc of World War II, 
the amount of dune lands utilized 
for urban expansion has increased 
greatly. Expanding populations and 
increasing incomes have resulted in 
the development of subdivisions with 
large lot sizes and space-consuming 
shopping malls. While this expan- 
sion radiates from established 
centers, resorts and vacation home 
projects develop into new areas af- 
fording proximity to the ocean 
(Figure 42). Such use can be partic- 
ularly devastating, both physically 
and aestheticaliy. The north spit 
of Grays Harbor (Locality 1) is one 
example where extensive leveling and 
building has obliterated the parallel 
ridge system. Farther south the 
fine parabola dune system just north 
of Waldport (Locality 16) has been 
Similarly destroyed by large-scale 
leveling of the land. 


Dune lands have been used for 
industrial development. A large 
pulp mill was built in 1960 on the 


dunes north of Coos Bay (Locality 
23). An army base and coastal 
defense batteries were located on 


the Clatsop Plains (Locality 4), and 
a Coast Guard station on the north 
spit of Humboldt Bay (Locality 33). 
An airport has been built on the 
dunes at Crescent City (Locality 
31). Roads are made to build and 
maintain jetties. All of these 
activities have their effect in 











Figure 42. Residential development 
on the foredune, deflation plain, 
and inner dune ridge of a parallel 
ridge system. The drainage channel 
is artificial. Long Beach peninsu- 
la, Locality 3. August, 1983. 
(Photograph by Art Hare.) 


destroying dune landscape and reduc- 
ing the amount of natural dune area 


remaining. 


Removal of sand from beaches 
and dunes for industrial and con- 
struction purposes in both northern 
California and Oregon has occurred 
frequently (Lindberg 1979). Mineral- 
(chromite, platinum, gold, etc.) 
bearing sands were mined from 1852 
to 1945 in Coos and Curry County, 
Oregon. Sand for ceramics, container 
glass, foundry molding, construction 
fill, and concrete continues to be 
removed. No estimate is available 
of the amount removed each year, but 
it is considered to be an amount 
sufficiently large enough to create 
potential environmental problems. 


The use of ground-water re- 
sources has increased with urban and 
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industrial expansion. Water was 
first pumped from a dune field on an 
extensive scale in the area just 
north of Coos Bay (Locatity 23). By 
1973, 15,200,000 1/day (4,000,000 
gal/ aay) were being extracted from 
8 wells (Robison 1973), and plans 
are being made to increase this. 
The dunes of the Clatsop Plains 
supply water to that area (Frank 
1968), while the town of Florence, 
Oregon, relies aimost entirely upon 
the dunal aquifer for its water 
(Christensen and Rosenthal 1982). 
Dune fields are also used for liquid 
and solid waste disposal. The long- 
term effects of both pumping and 
waste disposal are poorly known and 
the subject of increasing numbers of 
studies. 


Stabilization 





Whenever moving sand interferes 
with the activities of human beings, 
programs of stabilization are initi- 
ated. Most commonly this involves 
the establishment of a plant cover 
that prevents wind from reaching the 
sand surface. Such programs have 
been carried out for several centu- 
ries in Europe, many of them because 


incorrect land use resulted in ex- 
tensive areas of reactivated dunes. 


In North America, similar pro- 
grams were begun, either to prevent 
sand from covering property and ob- 
structing traffic, or to repair the 
effects of destructive land use 
practices (Godfrey and Godfrey 1974). 
The earliest program on the west 
coast was the stabilization of dune 
masses at Golden Gate State Park in 
San Francisco, begun in 1869 (Cooper 
1967, p. 19). Plantings of sand- 
Stabilizing vegetation along the 
Oregon coast began in 1910 (McLaugh- 
lin and Brown 1942), mostly to pre- 
vent sand encroachment onto private 
property, military instaliations, 
roads, and railroads and into rivers. 
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In 1925 work began on the 1,200 
ha of active sand on the Clatsop 
Plains of the northern Oregon coast 
(Locality 4). Caused both by exten- 
Sive overgrazing and rapid accretion 
related to jetty construction, these 
dunes “...were menacing forts, 
military reservations, roads and 
private property...(and)...threaten- 
ing to impede the flow of ocean-going 
commerce..." (McLaughlin and Brown 
1942, Foreword). In 6 yrs the entire 
area was stabilized by vegetation. 


The next major focal point of 
Stabilization efforts was the dune 
area between the Siuslaw and Silt- 
coos Rivers (Locality 20. The 
objective of these plantings was to 
Stop deposition of sand into the 
Siuslaw and Siltcoos Rivers and to 
protect recreational areas. About 
280 ha were planted between 1948 and 
1963. In addition, another 600 ha 
of deflation plain were planted to 
annual and perennial grasses and 
legumes to provide wildlife habitat 
(Green 1965). Very little stabiliza- 
tion planting has taken place on 
public lands since the 1960's. How- 
ever, commercial developnents on dune 
lands have required extensive plant- 
ings. The Ocean Shores (Locality 1) 
and Bayshore (Locality 16) resort 
projects, and residential subdivi- 
sions in Florence (Locality 19) are 
examples of such areas. 


Although it is difficult to 
estimate with any degree of accu- 
racy, probably no more than 3,000 ha 
of open sand dunes on publicly owned 
lands have been stabilized by plant- 
ing programs. (This includes the 
publicly financed program on the 
Clatsop Plains, where much of the 
land is privately owned.) Except on 
the Clatsop Plains where there has 
been residential development, these 
Stabilized areas remain as vegetated 
dune lands. No estimate has been 
made of the dunes lost to stabiliza- 
tion by development: agriculture, 
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towns, industry, airports, subdivi- 
Sions, and military installations. 


The stabilization process has 
been described in detail by McLaugh- 
lin and Brown (1942), Brown and Haf- 
enrichter (1962), and Ternyik (1979). 
The first step is always the planting 
of European beachgrass. Other species 


Such as American beachgrass (Anmo- 
phila breviligulata) and Anmeri- 
can dunegrass are used, but only in 
special situations. Application of 
fertilizer is considered a necessary 
part of the initial planting project. 
The normal application is 227 kg/ha 
of ammonium sulphate (21% nitrogen). 





Secondary plantings are neces- 
Sary since the “sand stilling" dune 
grasses lose vigor and do not grow 
well when sand deposition ceases. 
Al though native and introduced 
grasses and legumes were used for 
secondary plantings on the Clatsop 
Plains to provide a permanent meadow- 
type vegetation, the planting of 
woody species is more common. Scot's 
broom (Cytisus scoparius) and lodge- 
pole pine are planted 2 to 3 yrs 
after the grass plantings (Figure 
43). In southern Oregon and north- 
ern California, tree lupine is also 
planted as a sand stabilizer. 





Green (1965) noted that European 
beachgrass attained maximum size 3 
yrs after planting. The Scot's broom 
grows rapidly, providing cover. It 
Shades out the European beachgrass 
and is eventually shaded out itself 
by the lodgepole pine. In a 28 yr 
old plantation of European. beach- 
grass and Scot's broom, she found 
lodgepole pine (which had seeded 
naturally) 3 to 8 m tall. The 
Scot's broom was tall (up to 4.2 m) 
and spindly. The beachgrass was 
present only as scattered stems. 
There was a well-developed shrub and 
herbaceous understory of native and 
naturalized dune forest species. 














dune 


coas tal 


Figure 43. 
Stabilization planting. European 
beachgrass is 6 yrs old, Scot's 
broom and _ enppnens 5 yrs after 
planting. Scot's broom is about 1.5 
m tall. Note the sparse cover of 


European beachgrass, a condition 
that develops after sand burial 
ceases. South of the Siuslaw River, 
Locality 20. 1964. 


Other methods of stabilization 
include brush matting, oi] penetra- 
tion, wire net, rock and gravel, and 
sand fencing. While these methods 
have been used both in Europe and 
North America, they are considered 
strictly temporary, used to provide 
control until vegetation develops 
or, more commonly, until asphalt, 
concrete, and buildings are put into 
place. 


Recreation 





Until relatively recent times, 
recreational use of the coastal dune 
areas has had only a smal! imact. 
Most significant has been the devel- 
opment of campgrounds in state parks 
and on national forest lands. Some 
of these are large and attract great 
numbers of wisitors, especially in 
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summer. Examples include Ocean City 
State Park (Locality 1) in Hash ia 
ton; and Ft. Stevens {Locality 4), 
Cape Lookout (Locality 8), Honeyman 
(Locality 20), and Bullards Beach 
{Locality 24) State Parks in Oregon. 
All are on sand dunes, but the actual 
impact of visitor foot traffic on 
the dune vegetation and dune forms 
away from the campgrounds themselves 
is insignificant. No data exist, 
but one need only walk a thousand 
meters out into sand at Honeyman 
State Park even during the height of 
the tourist season to realize that 
“observing the dunes" is not a com- 
mon recreational activity: 


It is different, however, where 
roads provide easy access to the 
beaches. Sometimes roads run just 
behind the foredune, in other cases 
farther back, but there are always 
numerous trails running to the beach 
and these can cause severe damage to 
vegetation. Vogt (1979) and Ranwel! 
(1972, Chap. 13) review field studies 
of “trampling effects" on dune vege- 
tation in Great Britain. Because of 
high population pressures in Europe, 





these can be quite severe. Similar 
studies in Worth America have not 
been found. 


What has received considerable 
attention in North America is the 
increasing use of off-road vehicles 
(ORVY's) om sand dunes. (1979) 
briefly reviews the field studies of 
the impact of ORV traffic over sand 
dunes. Fowler (1978) outlines the 
growth of the ORY recreation phenom- 
enon along the Oregon coast, and 
discusses planning and management 
options. A review of the literature 
dealing with off-road vehicle recrea- 
tion is included in Fowler (1979). 

Almost every dune area along 
the coast has felt the effects of 
this activity. Probably most pro- 
nounced is the destruction of vegeta- 
tion (Figure 44). Grasses on fore- 
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of off-road 


Figure 44. Results 
vehicle activity on the Sand Lake 
dunes, Locality 9. This area is the 
lower.deflation plain of the first 
parabola dune, just north of the 
beach access road (Appendix II). 
ene 1983. (Photograph by Art 
Hare. 


Gunes, meadows on sand plains and 
deflation plains, and even shrubs 
and trees have beer) destroyed. This 
invariably results in rejuvenation 
of sand activity. On open sand, 
there may be some degradation of 
dune forms (the crests of oblique and 
paraboia dunes). The most pronounced 
effects are aesthetic: noise, 
crowding, and litter. 


One of the most dramtic ex- 
amples of this recreational phenome- 
non can be seen at Sand Lake (Local- 
ity 9). In 1964, during a summer 
weekend, a dozen vehicles could be 
seen wandering about the 4 of 
open sani. Fifteen years later, on 
@ major 3-day weekend during the 
Summer, aii eStimated 5,000 vehicles 
would turn these dunes into a mael- 
strom of noise and moving machines. 
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Some of the finest examples of 
native sand-plain and  sand-ridge 
meadow vegetation along the coast 
have been destroyed. partially 


stabilized marginal ridge of one of 
the parabola dunes has been dis- 
sected into a series of rapidly 
eroding hummocks. The main defla- 
tion plain as well as adjoining 
forests serve as camping areas and 
a has been trampled and 
en. 


The situation became so severe 
that an elaborate eg plan 
had to be developed which included 
designation of use areas, safety 
rules regarding equipment and opera- 
tion, law enforcement, protection of 
rode peer: 7 access control. 

re is a lar Campground 
(100 units) with its ah sewage dis- 
posal system and a drag strip with 
guard rails and control tower. The 
number of vehicles wpe the area 
during heavy use periods is con- 
trolled by requiring the purchase of 
a permit for each “street-legal 
vehicle." On one recent weekend 
(Memorial Day, 28-30 May, 1983), 
1700 permits were available and 
almost all were issued. Since each 
street-legal vehicle can tow or 
carry other vehicles, the total 
number of vehicles on the area can 
still be quite large. 


The use of off-road vehicles 
continues to grow, and the pressure 
from interest groups (off-road 
vehicle clubs) for access to dune 
areas is powerful. Driving on the 
beaches is regulated by complicated 
rules, especially in Oregon. Vehi- 
cles are banned on some State- and 
Federally-owned dune areas, but en- 
forcement is frequently difficult. 
Even private property is not exempt 
from this pressure. In one case a 
landowner constructed a strong fence 
to exclude vehicles and campers. In 
another, the owner resorted to 








carrying firearms to help ward off 
aggressive and often belligerent ORV 
drivers. Overall, the long term 
physical impact of such activity is 
probably minimal, especially if 


vegetation damage is minimized. 


MANAGEMENT PROBLEMS 
Introduced Plant Species 





Many of the plant species found 
on the coastal dunes have been in- 
troduced since the time of European 
settlement. These plants have helped 


Change the appearance of the dune 
landscape, and have altered the 


plant communities. Some introduc- 
tions were accidental, coming with 
animals, animal feed, and garden 
plants and seeds. Most were inten- 
tional, to be used as ornamentals, 
agricultural crops, or in stabiliza- 
tion programs. 


In the foredune area, almost 
all of the now-characteristic plants 
have been introduced: European 
beachgrass, the sea rockets, sea- 
A gt he pee. and ey ye 
ireweed (Erechtites arguta, E. pre- 
nanthoides). Most of the = Sele 
meadow species are European’ in 
origin: sweet vernalgrass (Anthoxan- 
thum odoratum), velvet-grass (Holcus 
lanatus), bentgrasses (Agrostis 
Spp.), little hairgrass (Aira prae- 

















cox), annual brome-grasses (Bromus 
spp.), hairy cats-ear (Hypochaeris 





radicata), red sorrel (Rumex aceto- 





sella), and curly dock (Rumex 
crispus). 

Several exotic shrubs have a/so 
become well established. Scot's 


broom is widely planted but does not 
spread extensively on sand dunes on 
its own (as it does in other areas). 
Tree lupine (Figure 45), introduced 
from South America. has spread widely 
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Figure 45. 
munity with tree lupine. 
Humboldt Bay near Samoa, Locality 33. 
June, 1983. 


European beachgrass com- 
North spit, 


on the northern California dunes .!° 
It has been planted along the Oregon 
coast, but does noi seem to spread 
naturally to any great extent. 
Probably the most notorious intro- 


duced shrub is gorse (Ulex euro- 
aeus). It was reputedly brought to 


e Bandon area from Ireland in 1875 
as a hedgerow plant (Hanneson 1962). 
By 1949 it covered 10,000 ha, mostly 
around Bandon, including the dunes 
there (Locality 24), but it ranged 
north along the coast to Grays Harbor 
and inland to the Puget Trough and 


Willamette Valley. Control and erad- 
ication is a difficult, expensive 
task. 


It is of interest that some 80 
species of trees were tested for 
dune-stabilization use on the north- 
west coast (Brown and Hafenrichter 
1962). None of the introduced 
species were useful or became estab- 
lished. Plantings of maritime pine 
(Pinus pinaster) survived, but did 
no rive. $ is the same species 





Some botanical authorities feel 
this species is native to California. 
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that has been planted on 80,000 ha 
of sand dunes on the Bay of Biscay 
in France at the same latitude. 


Introduced species that become 
established and spread aggressively 
usually do so at the expense of 
native species. Uncommon native 
species with very restricted habitats 
are the most likely to be affected. 
Very little concern has been ex- 
pressed in the past about the pos- 
sible impacts of exotic plant intro- 
ductions. There is no evidence in 
many of the current multitudinous 
planning documents relating to 
coastal zone management of such con- 
cerns, though the threat is ongoing. 
A number of exotic species, for ex- 
ample, have recently become estab- 
lished in saltmarsh and mud-flat 
habitats in the Pacific northwest, 
and the potential for drastic changes 
in the native ecosystem is quite 
strong (L. Kunze, Washington Natural 
Heritage Program, Olympia, Washing- 
ton; pers. comm. 1983). Given the 
other pressures of resource develop- 
ment it is probably a minor concern, 
but it is nonetheless a real one. 


The Special Case of European Beach- 
grass 


Of all the impacts of human 
activity discussed thus far, probably 
the most extensive and far reaching 
in its effect was the introduction 
of European beachgrass (Figure 46). 
Its effect has been both geomorpho- 
logical (effect on dune forms) and 
biological (creation of new habitats 
and competition with other species). 


Huiskes (1979) reviews what is 
known of the species. It is native 
to coastal Europe where it evolved 
under ccnditions of massive sand 
movement. Its latitudinal range is 
roughly 30°N to 60°N (and simi- 
larly 30°S to 60°S in the south- 
ern hemisphere where it has been in- 
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46. 


Figure 
Stems to 1 m high, connected by tough 
rhizomes; leaves folded and smooth, 2 


to 4mm wide; flower clusters 15 to 
30 cm long and 10 to 15 mm wide. 
Plants grow and flower most vigorous- 
ly when at least partially buried by 


sand. Tenmile Creek, Locality 22. 
June, 1964. 
troduced). It grows well in nutri- 


ent-poor sands, tolerating burial up 
to 1 m deep, but it is intolerant to 


sea salt in the substrate. Sand 
burial appears to be necessary to 
Stimulate growth and flowering. 


Seeds are produced in great numbers 
on vigorous plants (those exposed to 
sand burial), and germinate readily. 
Reproduction by seeds is limited to 
moist areas such as deflation plains. 
Vegetative reproduction through the 
dispersal of plant parts such as 
rhizomes and tillers account for 
most of the natural distribution of 
the species. There are no known 


serious animal feeders or plant 
parasites. 

A closely related and very 
similar species, American  beach- 
grass, is native to the North 





American east coast and Great Lakes 
region. It seems to have similar 
ecological requirements to those of 
European beachgrass. Data from 
North Carolina (Woodhouse et al. 
1977) show that this species is 
short lived (2 to 5 yrs) and highly 
Susceptible to at least one disease 
and one insect. These problems may 
be related to growth near the 
Southern limit of its range (34°N). 


European beachgrass has spread 
along the west coast of North America 
from 34° to 55°N latitude. In only 
a very few locations has it not taken 
Over entirely in the foredune zone 
just above the beach. These areas, 
most notably parts of the north and 
south spits of Humboldt Bay (Locality 
33), give a clue to the appearance of 
the vegetation of the foredune zone 
prior to the takeover by European 
beachyrass. Even here, however, the 
high beachgrass ridge is gradually 
replacing the loosely aggregated 
collection of relatively low hummocks 
formed by the native species. 


The biological effect of the 
grass is to crowd out, through rapid 
growth and dense cover, the native 
hummock builders. In many places 
where they once occurred commonly, 
such species as American dunegrass, 
sandverbena, silver bursage, beach 
morning glory, and dune tansy occur 
Sparingly or are not seen at all. 


Since virtually all of the sand 

off the beach is trapped by 
beachgrass foredunes' or 
hummock fields, there is concern 
that “sand starvation" (discussed 
earlier) could change the character 
of the large moving dunes. Although 
this iS open to much speculation, 
informal consideration has been 
given to trying to find a way to get 
sand moving inland again. There is 
no precedent since getting European 
beachgrass established has histori- 
cally been of greater importance than 


blown 
European 
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destroying it. Recent experiments 
in northern California (S. VanHook, 
Lanphere-Christensen Dunes Preserve, 
Arcata, California; pers. comm. 1983) 
have involved salt, black polyviny] 
sheeting, digging and pulling, burn- 
ing, and herbicides to try to control 
the species. The best method thus 
far has been burning (the grass burns 
readily, but is not killed) followed 
by an application of the herbicide 
“Roundup-'"'* Pulling young plants 
is also effective, but requires 
constant patrolling. 


European beachgrass is perma- 
nently established on the Pacific 
Northwest coas tal dunes. Its 
ultimate impact on native species 
and dune morphology is not known. 
Although considerable research on 
its ecology and physiology has taken 
place in Europe, very little has 
been done in North America, or in 
the numerous other places in the 
world where it has been introduced. 
Any possibilities at all of "“manag- 
ing" this species along the north- 
west coast will depend upon a 
program of research that examines 
both anatomical and_ physiological 
response to local conditions. 


Endangered Species 





A number of plant and animal 
Species that occur on the sand dunes 
are on one or more state lists of 
rare, sensitive, threatened, or en- 
dangered species. Only one is pro- 
tected by Federal law as a threat- 
ened or endangered species. These 
lists are usually maintained by 
State natural heritage programs, but 
may originate with groups such as 





~Glyphosate - a broad spectrum, 
nonselective herbicide, readily 
broken down in the soil to carbon 
dioxide by microbial degradation 


(Watson 1981). 











State game departments, native plant 
societies, or the Nature Conservancy. 
The following discussion and Table 
2 include species which are on one 
Or more lists as of June, 1983. 


Oregon Silverspot butterfly 





(Speyeria zerene hippolyta). This 
butterfly (Figure 47) is listed as a 
threatened species by the U.S. Fish 
and Wildlife Service, giving it the 
protection of the Endangered Species 
Act.’ Critical habitat was also 
designated for the species ./° 





Its primary habitat is coastal 
meadow that supports the growth of 


the western blue violet (Viola 
adunca)*” which is its primary 
food source. According to Hammond 


and McCorkle (1982) most of these 
meadows are established, stable com- 





‘’The Endangered Species Act re- 
quires that all Federal agencies, in 
consultation with the Secretary, 
Department of Interior, ensure that 
actions funded, authorized, or car- 
ried out by them are not likely to 
yeopardize the continued existence 
of a listed species or result in the 
destruction or adverse modification 
of its Critical Habitat. Other pro- 
visions of the Act make the taking 
or killing of endangered or threat- 
ened species by anyone illegal and 
provide support to state agencies 
involved in the protection of these 
species. 


' Oregon. Lane County. T. 16S. 
R.12W. Those portions of Section 15 


and of the south half of section 10 
which are west of a line parallel to, 
and 1500 ft (455 m) west of, the 
eastern section boundaries of Section 
10 and 15. 


‘Also known as western long- 
Spurred violet, early blue violet, 
hook violet, blue violet, and west- 
ern dug violet. 
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munities on rocky headlands. This 
is prime habitat for the growth of 
western blue violet. This violet 
occurs on dune meadows, but only on 
those which have been’ established 
for a long period of time. Only 6 
out of 24 reported sites are on “old 


dunes." The three largest and most 
Vigorous populations are on rocky 
headlands, while two of the three 


small, weak populations are on old 
dune sites. Other dune areas are 
listed as prime sites for rehabili- 
tation of. habitat and eventual 
butterfly introduction, with the 
best considered to be the Camp Rilea 
area on the Clatsop Plains (Locality 
4). The dune sites presently con- 
sidered important to the Oregon 
Silverspot butterfly recovery plan 
are listed in Table 13. Stine (1982) 
reviews the biology and ecology of 
the species and outlines the recovery 
plan. 


Snowy Plover (Charadrius alex- 
andrinus). This bird is listed in 
the Federal Register as a candidate 
for protection as a threatened or 
endangered species (Figure 48). It 
is considered "threatened" by the 
Oregon State Department of Fish and 
Wildlife and the California Depart- 
ment of Fish and Gane and “endan- 
gered" by the Washington State 
Department of Game. It breeds in 
early summer in two widely separated 
locations: the alkaline basins and 
sand dunes of southeastern Oregon and 
along the coast of Washington, 
Oregon, and California. Its nesting 
habitat along the coast is the loose 
sand above the high-tide line in 
Sparse foredune vegetation or drift- 
wood, especially at the ends of sand 
Spits. Past and present nesting 
Sites are reported from the northern 
limits of the dunes at Copalis 
Beach, Washington (Locality 1), 
south to Humboldt Bay (Locality 33) 
(Proctor et al. 1980; Burley 1979; 








The Natural Diversity Data Base, 
Department of Fish and 


California 
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Table 12. Rare, 
coastal dunes. 


threatened, 


or endangered animal and plant 





species of the Pacific Northwest 





Habitat 








Old established meadows close to shore, 

with Viola adunca. Very few dune locations, 
although there 1s potential for introduction 
in Festuca rubra-Lupinus littoralis meadow 
camunities. 








Seaward base of foredunes, especially on 
sand spits. Occasionally found in defla- 
tion plains and on vegetated foredune. 


Seni-stabilized dunes, in association 
with the Poa macrantha-Lathyrus littoralis 
community. 





Active sand areas associated with Elymus 

— 
mollis-Abronia latifolia and Poa macrantha- 
Cathyrus T¥ttoralTs cormunities. 


Active Sand areas associated with Elymus 
mollis-Abronia latifolia and Poa macrantha- 
Lathyrus Vittoral’s communities. 
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Figure 47. Oregon silverspot butterfly. Dark areas brown, light areas oran 
on the dorsal wing surface (shown). The ventral surface has a yellowish sub- 
marginal band and bright metallic silver spots. Forewing length 28 m. 
(Photograph by D.V. McCorkle.) 
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Figure 48. Snowy Plover. Pale, with a slim black bill, blackish legs, and a 
black mark behind each eye. The ring is reduced to a black mark on each side 
of the breast. Size 15 to 17 cm. (Photograph by R.W. Jacobs.) 
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Table 13. 
the Pacific Northwest coastal dunes. 


Habitat or potential habitat for the Oregon silverspot butterfly on 


(From Hammond and McCorkle 1982.) 





Site name and 
general location 


Dune locality 


Comments 








Lily Lake, 11 km N of 19 US Forest Service land. No 

Florence, Oregon violets or butterflies present, 
but area good for introduction of 
both. 

Tenmile Creek, about 17 Private land. Few violets still 

21 km N of Florence, present, but no butterflies. Due 

Oregon for development. 

Old sand dunes 1.5 to 4 Private land. Small number of 

3 km N of Gearhart, violets and butterflies present. 

Oregon Probable future development. 

Camp Rilea Military 4 State land. Few violets and 

Reservation near butterflies. Prime area for 

Cullaby Lake habitat rehabilitation. 

Loomis Lake area, 3 Private land. Small number of 

Long Beach Peninsula, violets and butterflies. 

Washington Probable future development. 

Nahcotta, Long Beach 3 Private land. Grassland, but no 

Peninsula, Washington violets or butterflies present. 

Westport area, Washington 2 Private land. No butterflies, 
few violets found. Very little 
suitable habitat. 

Game, Sacramento, California; pers. mustard family (Figure 49), endemic 

comm. 1983). Beach and dune ORV to the coastal sand dunes between 

traffic pose the greatest threat to Monterey and Crescent City, Cali- 

the nesting stability of these birds fornia (Localities 31 to 33). It is 

(Wilson 1980). usually found growing in  semistabi- 


Menzies' wallflower (Erisymum 








menziesii). This plant is a candi- 
date for State listing (which pro- 
vides legal protection) as a rare or 
endangered species in California. 
It is a herbaceous biennial of the 
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lized dune areas associated with the 
POA MACRANTHA-LATHYRUS ~— LIiTORALIS 
COMMUNITY. It occurs sparingly and 
any reduction in habitat area could 
effect its survival as a species. 


Silvery phacelia (Phacelia ar- 
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Figure 49. Menzies’ wallflower. 
Flowering stems 5 to 15 am long; 
flower petals bright yellow, 15 to 
20 mm long; fruits 4 to 8 am long. 
(From Abrams 1940, reprinted by 
permission of Stanford University 
Press. ) 


tea). In Oregon, this perennial 
avant of the waterleaf family (Figure 
50) is listed as “threatened through- 
out its range," while in California 
it is listed by the California Native 
Plant Society as a “rare or endan- 
gered species." It is found along 
upper beaches and in unstabilized 
dune areas associated with the ELYMUS 
MOLLIS-ABRONIA LATIFOLIA COMMUNITY. 
It occurs from Bandon, Oregon, south 
into California (Localities 24 to 
33). The greatest threats to the 
Species are loss of habitat to Euro- 
pean Deachgrass and ORV traffic. 


Pink sandverbena (Abronia um- 
bellata var. acutalata). A herba- 
ceous perennial (Figure 51) that is 
listed as “extirpated” in Washington, 
and in Oregon is on the review list 
for inclusion as a rare or endange~ed 
species. It grows on active dune 
areas along the entire coast in asso- 
ciation with the ELYMUS MOLLIS- 
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Figure 50a. Silvery phacelia. Pros- 
trate stems, 10 to 30cm long; 
leaves silvery, 2 to 5 am long; 
tals yellowish white, 5 to 6 m 
ong. (From Abrams 1940, reprinted 


by permission of Stanford University 
Press.) 





Silvery phacelia. 
north of Crescent 
August, 1983. 


Figure 50b. 
Kellogg Beach, 
City, Locality 31. 


ABRONIA LATIFOLIA COMMUNITY. It 
occurs very sparingly and the primary 
threats to its survival are loss of 
habitat to European beachgrass and 
ORV activity. 
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Figure 51. Pink = sandverbena. 
Slender, prostrate stems, 20 to 100 
cm long; leaves oblong, 2 to 6 cm 
long; flowers pink to purple, flower 
tube 6 to 8 mm long. (From Abrams 


1940, reprinted by permission of 
Stanford University Press. ) 
Landforms, Habitats and Plant 
Communi ties 








Many of the sand dune areas 
that have good examples of dune 
forms and dune systems are publicly 
owned. The U.S. Forest Service has 
extensive holdings at Sand Lake 
(Locality 9) and between Heceta Head 
and Coos Bay in Oregon (Localities 
19 to 23). The Washington State 
Parks and Recreation Commission and 
the State Parks Division of the 
Oregon State Transportation Commis- 
Sion also own sand dune lands. 
Leadbetter Point (Locality 3) and 
Umpqua Lighthouse State Park (Local- 
ity 22) are examples. 


Much of the sand dune area 
between the Siuslaw River and Coos 
River in Oregon (Localities 19 to 
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23) was proposed for National Sea- 
shore status in the early 1960's. 
This proposal failed, but the many 
years of investigation and public 
hearings produced a wealth of in- 
formation on these dunes (U.S. 
Congress 1959, 1963, 1966). Even- 
tually, in 1972, U.S. Forest Service 
holdings were designated the Oregon 
Dunes National Recreation Area (U.S. 
Congress 1972) with an area of 
13,022 ha. Although managed for rec- 
reation, parts of the NRA are closed 
off to ORV use, an important factor 
in being abie to observe and study 
natural dune process. 


A considerable portion of the 
magnificent parabola system at Sand 
Lake (Locality 9) is owned by the 
U.S. Forest Service. Heavy ORV use, 
however, changes dune forms’ and 
obscures natural processes. It is 
also destructive to natural vegeta- 
tion. Private holdings, especially 
on the outermost marginal ridges, 


could lead to development which 
would destroy the integrity of the 
system. 


Leadbetter Point (Locality 3) 
and Netarts Spit (Locality 8) are 
excellent examples of relatively un- 
disturbed bay dune systems that are 
publicly owned. The only threat to 
their integrity might be development 
for recreational purposes. The ex- 
tensive dune areas around Bandon, 


Oregon (Locality 24, 25, 26), and 
Humboldt Bay (Locality 33) are 
almost entirely privately owned. 


There seems to be little 
preventing private deve 
these areas in the future. 


pen oe of 
opment on 


On the other hand, almost all 
of the dunes of the Point St. George 
area (Locality 31) have passed into 
public ownership within the last 
couple of years. The State of Cali- 
fornia purchased about 3600 ha of 
private land, most of which will be 
administered as a State park by the 
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Department of Parks and Recreation 
(D. Scott, California Department of 
Parks and Recreation, Crescent City, 
California; pers. comm. 1983). The 
remainder, which includes Lake Ear] 
and Lake Talawa, and the land sur- 
rounding these lakes, is adminis- 
tered by the Department of Fish and 
Game. Although most of this area 
has a long history of disturbance by 
human activity, the basic forms 
remain, and are a good representa- 
tion of the northern California dune 
systems. 


Although each of the three 
States in which the coastal dunes 
are located has provisions for the 
establishment of "natural areas" 
(the actual designations vary), none 
has been created on sand dune areas. 
The U.S. Forest Service, a leader in 
the setting aside of "Research 
Natural Areas" on its lands, has not 
yet given such status to any part of 
its sand dune holdings. The only 
private effort has been the estab- 
lishment by The Nature Conservancy 
of the Lanphere-Christiansen Dunes 
Preserve at Humboldt Bay, California 
(Locality 33). 


Certain plant communities are 
threatened along the entire coast by 


European beachgrass encroachment, 
ORV activity, and development. 
These include the ELYMUS MOLLIS-- 


ABRONIA LATIFOLIA COMMUNITY, the POA 
MACRANTHA--LATHYRUS LITTORALIS COM- 
MUNITY, the FESTUCA RUBRA--SOLIDAGO 
SPATHULATA COMMUNITY, and the ARCTO- 
STAPHYLOS UVA-URSI /RHACOMITRIUM 
CANESCENS COMMUNITY. These are com- 
munities of active and semistabil ized 
sand and meadows. Old-growth forest 
communities are rare. On publicly 


owned lands, they are more or less 
secure, but examples should be iden- 


tified of the PSEUDOTSUGA MENZIESII/ 
RHODODENDRON COMMUNITY and the TSUGA 
HETEROPHYLLA--PICEA SITCHENSIS/GAUL- 
THERIA SHALLON/BLECHNUM SPICANT 
COMMUNITY. 
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There is an urgent need to 
identify communities, habitats, and 
landforms that should be protected. 
A start at this is being made by 
natural heritage programs in all 
three states (references in Table 12) 
and other groups such as state game 
departments, The Nature Conservancy, 





and native plant societies (Burley 
1979). 
Dune Groundwater 

The extensive use of dune 


ground water for industrial and do- 
mestic use could lead to problems 
associated with lowering of the 
watertable. In the Netherlands, 
where there is a long history of 
Sand-dune ground-water exploitation 
(Ranwell 1972, p. 216), dune plant 
communities in some areas began to 
Change drastically as formerly moist 
habitats dried out. Salt-water in- 
trusion into the ground water also 
took place. The situation was dealt 
with by recycling purified waste 
water from large cities back into 
the dune aquifers. 


Studies on the Oregon coastal 
dunes near Coos Bay (Locality 23) by 
Robison (1973) show a direct connec- 
tion between the many shallow lakes 
and ponds of the area and the water 
table. Lake levels have been lowered 
because of pumping. Management tech- 
niques explored to minimize the ad- 
verse effects of pumping include 
location of wells, well design, vary- 
ing the seasonal rate of pumping, 
and recharge by direct pumping into 
the lakes. As far as is known, no 
one is studying the effect of pump- 
ing on deflation-plain plant commu- 
nities in the area. 


Monitoring of water in observa- 
tion wells along the shoreline shows 
no trace of salt. The fresh water 
apparently extends offshore for some 
distance. The distance and the 
nature of the fresh water-salt water 











interface is not known, nor is there 
any information yet about the amount 
of water that can be extracted be- 
fore salt-water intrusion begins. 


Extensive housing developments 
on many dune areas rely on septic 
tanks for sewage disposal. This 
could result in contamination of the 
ground water, a critical matter since 
Such developments usually draw their 
water from wells in the same vicinity 
(Christenson and Rosenthal 1982). 
Nitrates and phosphates could also 
find their way to adjoining lakes 
and streams, resulting in the pollu- 
tion of these bodies of water. 


The extensive use of the sand- 
dune ground-water resource clearly 
requires study and careful planning. 
Crook (1979b) discusses ground-water 
planning and management c“onsidera~ 
tions for the Oregon coast, and 
Fowler (1979) reviews the relevant 
literature. 


Property Hazards 





Because of their proximity to 
the ocean, coastal dune areas are 
popular residential devel opment 
Sites. However, the very features 
that make the coastal landscape so 
attractive--the beach, wind, sand, 
and the everchanging mood of the 
Sea--also create hazards. Much has 
been said and written of these 
hazards by way of warning but 
generally without effect. 


Probably the most tenuous 
places to build are the peninsulas 
and spits formed across bay mouths. 
Products of complex patterns of sedi- 
ment transport by ocean currents, 
they can appear substantial and 
permanent. Bayocean Peninsula, on 
Tillamook Bay in Oregon (Locality 
7), was the site of an ambitious and 
elaborate resort development begun 
in 1907 (Hanneson 1962; U.S. Army 
Corps of Engineers 1971). Serious 
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erosion of the peninsula began in 
the early 1930's. The last house 
fell into the sea in 1960. It is 


thought that the erosion was associ- 
ated with the construction of the 
north jetty on Tillamook Bay in 1917. 


A more recent situation. in- 
volved the spit across the mouth of 
Siletz Bay (Locality 14). Houses 
built in the center of this spit in 
the early 1970's were virtually on 
the beach 10 yrs later (Figure 52). 
This erosion was caused by the 
development of rion-current embay- 
ments which permitted the rapid 
erosion (up to 35 m in a few week's 
time) of the foredune on which the 
houses are built. Protection of the 
houses, but not the vacants lots, by 
riprap resulted in individual houses, 
Or groups of houses, situated on 
promontories extending out onto the 
beach. Erosion continues during 
eacn winter storm period, but not 
always in the same _ place. Rip 
currents may migrate north-south 
within one storm season, or they may 
appear in new locations in _ subse- 
quent seasons. These rip currents 
Can occur anywhere along the shore, 
but tneir effect is most drastic and 
noticeable on sand spits, especially 


if houses have been built’ there. 
Work by Konar (1979) indicates that 
sand-spit erosion is part of a 


natural cycie of erosion and accre- 
tion. 


coast of North 
America and on the coastal dune 
areas of Europe, the creation of a 
foredune is considered one of the 
principle defenses against ocean 
Storm damage of both natural and 
man-made features. The maintenance 
of foredunes is a critical part of 
coastal-dune manaygenent plans and 
building houses on them is virtually 
unthinkable (Ranwell 1972; McHarg 
1969; Godfrey and Godfrey 1974). 


On the east 
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In other places, accretion is a 
problem, if not an immediate hazard. 
Long Beach Peninsula (Locality 3) 
has grown seaward by apout 600 m 
Since 1950 (Reuf 1975), while the 
southern end of the Clatsop Plan 
(Locality 4) has gained over 60 m 
between 1939 and i968 (U.S. Army 
Corps of Engineers 1971). The 
current problems in these areas are 
mainly social and legal--who owns 
the new land and what to do about 
lost ocean vistas. Future problems 
will invoive erosional cycles that 
are poorly understood and unpredict- 
able. An extensive literature exists 
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(Fowler 1979) to help people deal 
with the hazards of building on the 
unstable zone next to the ocean. 


At best these measures can only 
be temporary restraints, interfering 
with a system in long-term dynamic 
Stability. As Godfrey and Godfrey 
(1974) point out in their plea for 
an ecological approach to dune man- 
agement, “we speak of man's ‘battle 
with the sea‘ and ‘his struggles with 
erosion’, but this is really a battle 
to save works of man himself; the 
beaches, if left alone, are in no 
danger of obliteration by the sea". 
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APPENDIX | 
COASTAL SAND DUNE LOCALITIES 


Locality number and name, location, predominant dune form(s), and general fea- 
tures of sand dunes of the Pacific Northwest Coastal Region are shown below. 
The U.S. Geodetic Survey map quadrangle(s) for each locality is given in 
parenthesis following each location cescription. The notes are given at the 
end of the table. Locality numbers end names follow Cooper (1958) except for 
Localities 31-33 which correspond to Cooper's (1967) California 1-3. 














Locality number Location Dune form(s) General features 
and name (USGS map quadrangle) 
1. Grays Harbor Grays Harbor County, Parallel ridge. Bay Extensive prograding 
North Washington dune on the southern shore. 
third. Commercial development. 


North side of enirance to 
Grays Harbor (Point Brown) 
north 25 km to Copalis 
Head. 


(Point Brown, Copalis 
Beach, Moclips; 7.5' Series) 








2. Grays Harbor Pacific and Grays Harbor Parallel ridge. Mostly coastal strip. 
South County, Washington Ridges poorly defined. 
Extensive wave erosion 
North side of the entrance at Cape Shoalwater. 


to Willapa Bay (Cape Shoal- 
water) north 20 km to the 
south side of the entrance 
to Grays Harbor. 


(North Cove, Grayland,. West- 
port, Point Brown; 7.5' Series) 





3. Willapa Bay Pacific County, Washington Parallel ridge. Bay Low, widely spaced, exten- 
dune on the north end. sive swale lakes and bogs. 
Columbia River (North Head) North end is undisturbed - 
north 30 km to the end of State park and wildlife 
Long Beach Peninsula refuge. 


(Leadbetter Point). 


(Cape Disappointment, 
Ocean Park, Oysterville, 
North Cover; 7.5' Series) 
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Locality number 
and name 


Location 
(USGS map quadrangle) 


Dune form(s) 


General features 





4. Clatsop Plains 


5. Nehalem River 


6. Rockaway 


7. Tillamook Bay 


8. Netarts Say 


9. Sand Lake 


Clatsop County, Oregon 





Mouth of the Columbia River 
south 26 km to Seaside, 
past the outlet of the 
Necanicum River. 


(Warrenton, Gearhart, 7.5' 
Series; Cannon Beach, 15' 
Series) 


Tillamook County, Oregon 





The mouth of Nehalem Bay 
north 8 km to Neahkahnie 
Mountain, and east to 
Neahkahnie Lake. 


Nehalem, 15' Series) 


Tillamook County, Oregon 





Rockaway north 4 km to 
Nedonna Bacli, and south 
2.5 km to Spring Lakes. 


(Nehalem, 15' Series) 


Tillamook County, Oregon 





Watseco south 2.2 km to 
the Tillamook Bay jetty, 
east to Smith Lake; 
Kincheloe Point south 6.5 
km to Cape Meares. 


(Nehalem, 15' Series) 


Tillamook County, Oreaon 





From 1 km south of Ocean- 
side south 2.1 km to the 
south end of Netarts; 
entire Netarts spit south 
8 km to Cape Lookout. 


(Tillamook, 15' Series) 


Tillammok County, Oregon 





South side of Cape Lookout 
south 8 km to Tierra Del 
Mar. 


(Tillamook, 15' Series) 


Parallel ridge. 


Parabola dune. Bay 
dune south half. 


Parallel ridge. 


Parabola dune. Bay 
dune on the spit. 


Parabola dune. 
Bay dune on adjacent 
spit. 


Parabola dune. 
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Prograding shore with well- 
defined ridges, at least 
9 in some places (Note 1). 


Formed by southwest winds 
(Note 2). Mostly oblitera- 
ted by human activity. 


Single dune ridge on a 
barrier beach. 


Much-eroded parabola dune 
north of Tillamook Bay 
entrance. carge spit with 
trough blowouts. Site of 
Bayocean Resort destroyed 
by erosion. 


Remnants of 3 large para- 
bola dunes north of the 
spit. Spit largely undis- 
turbed (Note 3). 


Massive, active parabola 
dunes extending 6 km 
inland (Appendix II). 
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Locality number 
and name 


Location 
(USGS map quadrangle) 


Dune form(s) 


General features 





10. Nestucca Bay 


11. 


12. 


13. 


Neskowin 
Creek 


Salmon River 


Devils Lake 


- Siletz Bay 


- Yaquina Bay 


Tillamook County, Oregon 





From 2 km north of Cape 
Kiwanda (Miles Lake) south 
8.5 km to the end of the 
north spit of Nestacca Bay. 


(Hebo, 15° Series) 
Tillamook County, Oregon 





From Daley Lake, 1.5 km 
southwest of Oretown, 
south 5.2 km to the outlet 
of Neskowin Creek. 


(Hebo, 15' Series) 


Lincoln County, Oregon 





South side of the outlet 
of the Salmon River, 4 km 
north of Roads End. 


(Hebo, 15' Series) 


Lincoln County, Oregon 





From the outlet of Devil's 
Lake north 4.5 km to Roads 
End. 


(Cape Foulweather, 15' 
Series) 


Lincoln County, Oregon 





North of Gleneden Beach; 
entire south spit of 
Siletz Bay, 4 km long. 


(Cape Foulweather, 15' 
Series) 


Lincoln County, Oregon 





About 0.8 km north of the 
mouth of Yaquina Bay (the 
short, stubby "spit"); 
Yaquina Bay 3 km south to 
Henderson Creek. 


(Yaquina, 15' Series) 


peer rany 


Lodi vl i Pov attain: 
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¥. 


Parabola dune. Bay Dune 


on spit to the south. 


Remnant parabola dune. 


Parallel ridge. 


Remnant parabola dune. 


Remnant parabola dune. 


Bay dune. 


Remnant parabola dune. 


Parallel ridge. 
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Three massive parabola 
dunes, being stabilized by 
recent plantings. Soi) 
profiles on Cape Kiwanda. 


Narrow beach-dune barrier, 
considerable erosion at 
present. 


Smal] area at river mouth 
with no predominant dune 
form. 


Three narrow remnants 
perched on a terrace 
cliff. No connection with 
the beach. Dense residen- 
tial development. 


Extensive residential 
development. Site of 
recent severe erosion 
(Chapter 6). Pestricted 
access. 


Parabola pat*ern north 
of river obliterated. 
Prograding shore south 
of river with well- 
defined ridges. 











Locality number Location Dune form(s) General features 
and name (USGS map quadrangle) 








16. Alsea Bay Lincoln County, Oregon Parabola dune. Narrow parabola dunes, 
now mostly obliterated 
From the end of the north by residential develop- 
spit of Alsea Bay north ment. 
5 km to the outlet of Fox 
Creek. 


(Waidport, 15' Series) 





17. Tenmile Creek Lane County, Oregon Remnant parabola dune. Small erosional remnant 
area perched on terrace 
Outlet of Tenmile Creek, cliff. 


10 km south of Yachats. 


(Heceta Head, 15' Series) 





18. China Creek Lane County, Oregon Parabola dune. Narrow parabola dunes 
formed by northwest 
South side of China Creek winds. Completely 
from the outlet of China vegetated. 


Creek south 4 km to the north 
side of Heceta Head. 


(Heceta Head, 15' Series) 





19. Siuslaw River Lane County, Oregon Stabilized parallel Low dunes extending 4.5 km 
North ridge. Parabola dune. inland. Extensive forest 
From the south base of vegetation. Considerable 
Heceta Head south 14 km residential development 
to the Siuslaw River (Note 4). 


(Florence), and east 4 
km to Mercer Lake and 
Clear Lake. 


(Heceta Head, 15' Series) 





20. Siuslaw River Lane County, Cregon Transverse ridge Extensive active dunes. 
South well-developed transverse 
North end of the south ridge and oblique dune 
spit of the Siuslaw patterns. Very little 
River south 15 km to the forest vegetation. 
Siltcoos River; west of 
US 101. 


(Siltcoos Lake, 15' 
Series) 
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Locality number 
and name 


Location 
(USGS map quadrangle) 


Dune form(s) 


General features 





21. Umpqua River 
North 


22. Umpqua River 
South 


23. Coos Bay 


24. Coquille River 
North 


25. Coquille River 
South 


26. Fourmile Creek 


Lane and Douglas County, 
Oregon 


Siltcoos River south 23 
km to the end of the 
north spit of the Umpqua 
River, west of US 101 





(Siltcoos Lake, Reedsport; 
15'Series).21. 


Douglas and Coos County, 
Oregon 


Umpqua River south 10.5 
km to Tenmile Creek; west 
of US 101. 





(Reedsport, 15' Series) 


Coos County, Oregon 





Tenmile Creek south 17 
km to the end of the 
north spit of Coos Bay; 
west of US 101. 


(Reedsport, 15' Series; 


Empire, (Charleston, 7.5' 
Series) 


Coos County, Oregon 





South end of the north 
spit of the Coquille 
River north 10 km to the 
outlet of Whisky Run 
Creek. 


(Bandon, 15' Series) 


Coos County, Oregon 





South side of Coquille 
Point (Bandon) south 
11 km to the outlet of 
Fourmile Creek. 


(Bandon, 15' Series) 


Coos and Curry County, 
Oreaon 





Outlet of Fourmile Creek 
south 14 km to Floras 
Lake. 


(Bandon, Langlois, Cape 
Blanco; 15' Series) 


Transverse ridge. Bay 
dune at south end. 
Parabola dune. 


Transverse Ridge. 
at south end. 


Transverse ridge. 
Parallel ridge. 
Bay dune at south end. 


Parallel ridge. 


Parallel ridge. 


Parallel ridge. 
Parabola dune. 
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Relatively narrow strip, 
few obiique dunes. 
Massive parabola dunes at 
Tahkenitch Creek formed 
by both northwest and 
southwest winds. 


Broad area of extensive 
transverse ridges, 

oblique dunes, and 

forest remnants. Five 
giant parabola dunes at the 
north end (Note 5 and 
Apendix II). - 


A broad, low area with many 
lakes. Complex mosaic of 
vegetation and active sand. 


Widely spaced ridges with 
broad deflation plains. 
Old-growth forest cut. 


Similar to Locality 24. 
Extensive meadows. Long 
history of agricultural 
use on the broad deflation 
plains. 


Broad, low area. Ridges 
and old parabolas north 
end; active, small, 
tonaue-like parabolas over 
remain.er of the area 
(formed by NW wind). 




















Locality number Location Dune form(s) General features 
and name (USGS map quadrangle) 
27. Sixes River Curry County, Oregon Parallel ridge. Very small area with 1 


28. Elk River 


29. 


Euchre Creek 


30. Pistol River 


31. Point St. George 


32. Big Lagoon 





South side of the outlet 
of the Sixes River, 2 km 
north of Cape Blanco. 


Curry County, Oregon 





South side of the outlet 
of the Elk River, 5.5 km 
south of Cape Blanco. 


(Cape Blanco, 15' Series) 


Curry County, Oregon 





Outlet of Euchre Creek, 
2.5 km south of Port 
Orford. 


(Port Orford, 15' Series 


Curry County, Oregon 





Outlet of the Pistol River, 
17 km south of Gold Beach, 
south 3 km to Crook Point. 


(Gold Beach, 15' Series) 


Del Norte County, 





California. 





End of the south spit of 
the Mad River, 18 km south 
to Point St. George and 
Crescent City. 


(Crescent City, 15' Series) 


Humboldt County, 





California. 





Redwood Creek (Orick) 
south 46 km to Patrick's 
Point (Dry Lagoon State 
Park.) 


(Podgers Peak, Orick, 
Trinidad; 


7.5' Series 





Parabola dune. 


Parallel ridge. 


Parallel ridge. 


Parabola dune. 


Parabola dune 


Bay dune. 
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ridge and 1 small parabola 
dune. 


Remnant ridges. Extensive 
agriculture and logging. 


Smal] area with one ridge. 
Gray sand. 


Stabilized and active dune, 
formed by northwest winds. 
Largest dune area in Oregon 
south of Locality 26. 


Formed by northwest winds. 
Mostly tongue and trough 
parabolas, but 3 large 
parabolas to south. 

History of agricultural use 
(Note 6). 


Long, narrow bay barriers. 
Black, coarse sand. 














Locality 
and name 


number Location Dune form(s) General features 
(USGS map quadrangle) 











33. Humbolt Bay Humboldt County, Parallel ridge. Stabilized ridges. Active, 
California. Parabola dune. small parabolas formed by 
Bay dune. northwest winds. Spits 
North and south of Eureka north and south of bay . 
and Humboldt Bay, from the entrance (Note 7.) 


Mad River, 38 km south to 
the Eel River. 
(Eureka, Ferndale, 15' 
Series) 





Note 1. 


Note 2. 


Note 3. 


Note 4. 


Note 5. 


Note 6. 


Note 7. 


An excellent cross section of the parallel ridge system here can be seen along the Sunset 
Beach Road which heads west off US 101 about 8.5 km (5.3 mi) south of Warrenton. At this 
point US 101 runs along the crest of the ridge that is second from the inner margin. Sunset 
Beach Road cuts through or over 9 ridges, and crosses an interdune lake (Sunset Lake). 


All of the parabola dunes down to Locality 17 are formed by the southwest winds of winter. 
From Locality 18 south, most are formed by the northwest winds of winter. The main excep- 
tions are on Locality 22. 


Netarts spit (Locality 8) is owned by the State of Oregon. It is essentially undisturbed, 
and an excellent example of a bay dune system. It can be reached through Cape Lookout State 
Park. 


Locality 19 has several interesting features. Lily Lake at the extreme north end is a pris- 
tine dune lake. There is no easy access, but it can be viewed from above on the highway. 
The lake is at present in some danger of disturbance due to adjacent private development. A 
side road 8.C km (5.0 mi) north of Florence (junction of US 101 and Oregon 126) leads to the 
Darlinotonia Wayside. Here, associated with the western red cedar/smooth Labrador-tea com- 





munity is a fine stand of California pitcher-plant (Darlingtonia c cal forntcat Just a few 
meters south of this road, the Sutton Creek Road (a U.S. Forest service rosdT ce road) heads west to 
the beach. Along this road are good views of the low, undulating, ridge-and-swale topography 
of this locality. The predominant vegetation is approximately 100-yr-old lodgepole pine/- 
western rhododendron forest. At the end of the road is a picnic area, and access to Sutton 
Creek and the beach. There is also a stand of the winter flowering shrub, wavy-leaf silk- 
tassel (Garrya elliptica), around the parking lot. 





The very ——- parabola dunes next to Clear Lake on Locality 22 have well-developed climax 
forest (Douglas fir/western rhododendron) on their stabilized lee slopes. There is no easy 
access. However, forest of this type can be seen along the trail that leads from the Tahken- 
itch Creek Campground to the open dunes (Locality 21). 


The easiest access to the dunes of Locality 31 is along the Kellogg Beach road which can be 
reached by turning off US 101 onto County D3 on the south side of the Smith River. Turn 
north on Lake Ear! Road, then west on Mosely Road, then south on Lower Lake Road to Kelloga 
Road. There are other access points just north of Crescent City. The entire dune area west 
of a = is owned by the State and open to the public (though vehicles are prohibited in 
most places). 


The least disturbed dunes of this locality lie just south of the mouth of Mad River. Take 
the first exit off US 10] south of the river, and follow the river mouth access road. It is 
also possible to visit the Lanphere-Christensen Dunes Preserve, but permission is necessary. 
For information, call the Preserve (707/822-6378) or write: Dr. Ken Lano, Department of Bio- 
logical Sciences, HSU, Arcata, CA 95521. Of particular interest on the Preserve are areas of 
hummock foredune formed by native species; European beachgrass, so prevalent elsewhere, has 
not yet taken over here. It is also possible to see some of this "native foredune" along the 
south spit, reached by traveling through Eureka, around South Bay, and over Table Bluff. The 
ys pe on the north spit, around Manila, Samoa, and the Coast Guard Station have been severely 
disturbed. 
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APPENDIX Il 
DESCRIPTIONS OF SPECIFIC DUNE AREAS 


Detailed descriptions of two sand dune systems. 
forns, 


geographic location, dune 
suggested field trip route. 


Includes 


plant communities, and 





SAND LAKE (LOCALITY 9). 
and Figures 19, 22, 27, 44. 


Map, Appendix Figure II-1; 


This is an extensive parabola- 
dune system reflecting three epi- 
sodes or periods of dune activity. 
The parabola dunes of the first two 
episodes remain as two sets of stab- 
ilized dune ridges, one set enclosed 
within the other. Three parabola 
dunes of the third episode are pres- 
ently active. This system has been 
formed in its entirety by the south- 
southwest winds of winter’ which 
drive the dune sands onto the south 
flank of Cape Lookout. The long 
axis of the system (trending roughly 
northeast to southwest) extends over 
6 km. Most of the area is U.S. 
Forest Service land, the rest is 
owned by Tillamook County, the Boy 
Scouts of America, and private in- 
dividuals. Sand Lake itself is a 
salt water lagoon bordered by salt 
marsh. A few small streams enter it. 


The dune forms that can be seen 
on this system are: active parabola 
dune, stabilized dune ridge, reten- 
tion ridge, foredune, sand hummocks, 
deflation plain, sand plain, blow- 
out, ephemeral pond, and dune lake. 
It is also a good place to see ORV 
activity (particularly on 3-day 
summer weekends), and the effects of 
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ORV activity. There are exposures 
of Pleistocene sand along the beach. 
This substratum slants upward toward 
Cape Lookout, appearing first just 
north of the beach access road. The 
plant communities found on this dune 
system include: 
American dunegrass--yel low 
sandverbena 
European beachgrass 
seashore bluegrass--beach pea 
red fescue--dune goldenrod 
red fescue--seashore lupine 
sickle-leaved rush--springbank 
clover 
slough sedge--Pacific silverweed 
salal--evergreen huckleberry 
kinnikinnick/silver moss 
Hooker willow--Pacific wax-myrtle 
lodgepole pine/western 
rhododendron 
lodgepole pine/bristly manzanita 
Sitka spruce--lodgepole pine/- 
pine/Hooker willow/Oregon 
beaked moss 
Douglas fir/western rhododendron 


This dune system can be reached 
from both the north and south. From 
the north, turn west off US 101 in 
downtown Tillamook on the road to 
Cape Lookout State Park over Cape 
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Figure II-1. Sand Lake sand dunes (Locality 9). The suggested exploratory 
walk is shown as a dotted line ("trail"). Vegetation is not shown for the 
area surrounding the dune system. 
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Lookout. Shortly after the descent 
from the Cape begins there are two 
“scenic overlooks" that provide pan- 
oramic views of the dune system and 
Cape Kiwanda to the south (these 
overlooks are within 1.0 km (0.6 mi) 
from the Cape Lookout trailhead). 
At the base of the Cape, the road 
crosses the northern end of the dune 
system, cutting through the two 
stabilized ridges of the oldest par- 
abola dune (Episode I). The ridges 
formed by the dune of the second 
episode have been destroyed in this 
area by the erosional activity of 
the current episode. Shortly past 
the second (eastern) ridge, there is 
a "T" road junction. Turn right 
(south) to the Sandlake junction 
(1.5 km; 1.0 mi). A small store and 
service station is located on the 
corner. 


To get to this point from the 
south, leave US 101 at the Pacific 
City turnoff, 22 km (14 mi) north of 
the junction of US 101 and Oregon 
18 at Lincoln City.2° Proceed 
through Pacific City, past Cape 
Kiwanda, and through Tierra del Mar 
to the Sandlake junction (17.5 kn; 
14.4 mi). 


At the Sandlake store, turn west 
on the Galloway Road. There is 
another "T" junction 1.0 km (0.6 mi) 
from the store. Turning north on 
this road leads to the northern part 
of the dune system. Continuing 
west, the Galloway Road turns south- 
ward at the base of the massive 
outer dune ridge and parallels it 
for some distance. At the end of 





20This route passes through the 
dune system of Locality 10. A stop 
should be made at Cape Kiwanda to 
note the series of buried soil pro- 
files in the sand piled on top of 
the Cape which lies to the north of 
the beach opposite Haystack Rock. 


_ beach. 
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the ridge it heads west again to the 
The campground lies to the 
south of this beach access road. 


The best way to view the area 
would be to walk from the sand spit 
at the south end of the system (the 
entrance to Sand Lake) northeast up 
the axis of the dunes to the gravel 
road that crosses the dunes at the 
north end, 5.5 km (3.4 mi). Return 
to the south end by the roads around 
the east side, or by walking down 
the beach. 


The end of the sand spit is Snowy 
Plover nesting habitat, but birds 
have not been seen in this area for 
some time. The area between the 
spit and the beach access road has 
well developed fordune and sand hun- 
mocks. ORV's are prohibited in this 
area. The predominant plant commun- 
ity is EUROPEAN BEACHGRASS with 
maritime pea. Remnants of the YELLOW 
SANDVERBENA--AMERICAN DUNEGRASS com- 
munity are scattered about. In the 
central part, away from the blowing 
sand, European beachgrass is declin- 
ing in vigor, and the RED FESCUE-- 
DUNE GOLDENROD, and RED FESCUE--SEA- 
SHORE LUPINE communities are devel- 
oping. The campground is established 
on the site of a European beachgrass 
nursery planted around 1940. The 
high sand ridge to the west and 
south of the campground is actually 
a foredune-like ridge produced as 
sand from the then-bare spit was 
blown onto the grass around the 
edges of the plantation. The vege- 
tation of the campground area is a 
complex collection of native and 
disturbed-area exotic species. 


The area from the beach access 
road north to the Cape Lookout Road 
(paved) is open to ORV activity. 
The two forested hills to the east, 
and just north of the beach road, 
are remnants of the ridges formed by 
the first- and second-episode par- 


BEST COPY AVEILASLE 














abola dunes. These ridges extended 
to the present day shcreline, and 
farther, in the past since they were 


formed as sea level was rising. 
Since relative stability of sea 
level was attained there has been 


erosion of the seaward ends of the 
ridges both by wave and wind action. 
A few hundred meters north of the 
beach road, the Pleistocene’ sand 
substratum is exposed along a small 
seasonal creek draining onto the 
beach. Just beyond this point the 
extensive deflation plain of Dune I 
(the most recent) begins. *! 


On this deflation plain, the 
most widespread conmunity is the RED 
FESCUE --SEASHORE LUPINE. There are 
patches of the SICKLE-LEAVED RUSH-- 
SPRINGBANK CLOVER and SLOUGH SEDGE-- 
PACIFIC SILVERWEED communities also 
scattered about. Because the defla- 
tion plain is heavily used by ORV 
enthusiasts as a campground, only 
remnants of the SALAL--EVERGREEN 
HUCKLEBERRY and HOOKER WILLOW--PACI- 
FIC WAX MYRTLE shrub communities 
remain. Scattered lodgepole pine is 
also present. Without disturbance, 
the lowest part of the deflation 
plain (the western edge) would be a 
lodgepole pine thicket today. Along 
the eastern edge, where the surface 
slopes gradually upward, the SEA- 
SHORE BLUEGRASS--BEACH PEA and the 
RED FESCUE-DUNE GOLDENROD communi- 
ties are found, along with many 
European beachgrass hummocks. 


The sand ridge to the east of 
the deflation plain and the line of 
dissected knolls to the west are 
both part of the marginal ridges of 
Dune I. Prior to the advent of the 
ORV, the west ridge was more contin- 





21The active parabola dunes are 
numbered sequentially from south to 
north. 
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uous, with stabilizing herbaceous 
vegetation covering much of it. 
Native sand hummock species were 


also common. Today only fragments 
of the AMERICAN DUNEGRASS--YELLOW 
SANDVERBENA community can be found. 
The earlier dune ridges of the first 
and second episodes have been de- 
stroyed by erosion in this area, and 
their sands incorporated into the 
present active dunes. Seaward of 
the western ridge is a complex of 
knolls and blowouts, all associated 
with the development of Dune I (and 
its predecessors). One of the high- 
est knolls has buried soil profiles 
exposed on its eroding sides. One 
of the profiles is thick and well 
developed, indicating long estab- 
lished forest on the site. It 
probably belongs to the parabola 
dune ridge of the first episode. 


The many dead trees on _ both 
sides of the windward slope of the 
parabola dune indicate the presence 
of well-developed forest prior to 
the current episode. From the crest 
of this dune (Dune I), the windward 
Slope of the next dune (Dune II) can 
be seen straight ahead. At the base 
of the slipface of Dune I there is 
usually an ephemeral pond in spring 
and summer up to a meter deep. The 
forest on both sides is primarily 
LODGEPOLE PINE/WESTERN RHODODENDRON 
community. From the crest of Dune 
II, the highest of the currently 
active dunes, a view can be had to 
the far end of the complex. The 
active "sand channel" is very con- 
stricted here, accounting for the 
height of the sand mass. At the 
base of the dune is a large blowout- 
like bow] formed as a result of the 
planting of European  beachgrass 
across the path of the dune in 1967. 
The planting was to protect a road 
that was to be built into a pro- 
jected campground on the west dune 
ridges. The present appearance of 
the site is the result of sand de- 


ADIT 








position in the grass and ORV 
activity. 

The "sand channel" widens to a 
broad sand plain leading to the 
windward slope of Dune III. The 


form of this dune is complicated by 
another European beachgrass planting 
made in the 1950's to protect a 
telephone line and trail into the 
Boy Scout Camp. The dune has now 
passed over the planting, raising it 
a considerable distance (the fore- 
dune effect), but the crest is more 
spread out because of the grass. It 
is the smallest of the three active 
dunes. What would be Dune IV, the 
first to pass along the axis (though 
actually there could have been more 
than one) is now against the moun- 
tain front in the form of a broad, 
slowly advancing retention ridge. 
The very broad area of sand plain 
here is the result of a long period 
of blowout activity. It is slowly 
being stabilized by the RED FESCUE-- 
DUNE GOLDENROD and KINNIKINNICK/- 
SILVER MOSS communities with scat- 
tered lodgepole pine. There has 
been much destruction of this vege- 
tation by ORV activity. As recently 
as 15 yrs ago the area between Dune 
II, the forest, and the gravel road 
was almost entirely covered by a 
carpet of silver moss and kinnikin- 
nick. Just across the gravel road, 
opposite Dune III, is a fence con- 
structed by a private property owner 
to exclude ORV traffic. The differ- 
ence in vegetation development on 
the two sides of the fence is 
obvious. 


The gravel road that runs past 
front of Dune III is the same 
mentioned above that heads ngrth 
Galloway Road. It crosses the 
two east dune ridges before reaching 
the open sand plain. Just past the 
littie patch of old forest at the 
base of Dune III (developed after 
Dune IV passed through) the road 


the 
one 
off 
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forks. The left fork is a former 
access road to the Boy Scout Camp. 
The right fork crosses over the mas- 
Sive west dune ridge, descending the 
outside of the ridge to intersect 
the Cape Lookout highway. A small 
but excellent example of the dune 
Climax DOUGLAS FIR/WESTERN RHODCDEN- 
DRON forest is found on this dune 
slope. 


Off to the west side of Dune 
III, in the open forest at its base, 
is the beginning of a trail that 
heads southwest over the dune ridges 
toward the beach. Since it is 
heavily used by ORVs now it should 
be easy to find. It was built orig- 
inally during World War II as a jeep 
trail to carry supplies into coast 
lookouts on the beach cliff. This 
trail was also used for many years 
as access to the Bov Scout Camp dur- 
ing the time that the scouts were 
required to walk into the camp from 
an unloading point east of the dune 
complex. The trail crosses the two 
west dune ridges. There is a mix- 
ture of forest communities along 
this trail. On the higher ridge 


slopes and tops, the LODGPOLE 
PINE/WESTERN RHODODENDRON community 
predominates. There are large, old 


Dougias fir present, indicating an 
approach to the dune climax forest 
community. In the deep swales be- 
tween the ridges, the SITKA SPRUCE- 
LODGEPOLE PINE/HOOKER WILLOW/OREGON 


BEAKED MOSS community is found. 


At the top of the outer ridge 
the ORV trail turns more southward 
along what used to be the Coast 
Guard communication-line maintenance 
trail. It had all but grown over 
when the first ORVs arrived. § It 
passes through LODGEPOLE PINE/BRISTLY 
MANZANITA forest, and then thickets 
of young lodgepole pine and Sitka 
spruce before coming out on the sea- 
ward side of the west marginal ridge 
of Dune I. The original trail, now 


BEST COPY AVAILAELE 





obscure and blocked by fallen trees, 
continues down the seaward side of 
the dune ridge. At the base of this 
ridge is Chamberlain Lake, formed 
when this first parabola dune dammed 
a small stream. It is easily seen 
from the old trail. The lake and 
surrounding area is on land owned by 
the Boy Scouts of America. Anyone 
wishing to explore this area should 
obtain persmission from the resident 
camp ranger. 


It is possible to get to the 
beach through the Boy Scout camp or 
from a number of points along the 
ORV trail. Once on the beach, there 
is access to the base of Cape Look- 
out to the north, and to the beach 
road at the south end of the systen. 
Of special interest is the drainage 


of Chamberlain Lake from the base of 
the sea cliff over black cobble 
beach; and the sea cliff itself, 
composed of very old, compacted 
sands, discolored by long-term chen- 
ical weathering processes. 


The entire trip will take 4 to 6 
hrs, though more should be allowed. 
In bad weather, or for a_ shorter 
trip, start from the gravel road at 
the north end, and walk south to 
Dune III. This can be accomplished 
in 1 to 2 hrs. It is also possible 
to walk from either the gravel road 
or the paved Cape Lookout Road north 
over the sand plain (ORVs not per- 
mitted in the area north of the 
paved road) to the retention ridge 
which is the edge of the dune system 
lying against Cape Lookout. 





TENMILE CREEK (LOCALITY 22). 


Map, Appendix Figure II-2: 


The dunes between the Siuslaw 
River and Coos Bay (Localities 20 to 
23) are all part of an extensive 
transverse ridge system in which the 
predominate dune forms are_ the 
result of the interaction of sand 
and wind. Aimost any access point 
to the dunes in these four locali- 
ties will provide good examples of 
many of the dune forms and plant 
communities discussed in this report. 
The specific area described here is 


accessible through the Eel Creek 
Campground of the U.S. Forest 
Service, located near Lakeside, 


Oregon, on US 101. The campground 
entrance is 17.5 km (11.0 mi) south 
of the junction of US 101 and Oregon 
38 in Reedsport, Oregon. 


The dune forms that can be seen 
here are: oblique dune, transverse 
ridge, blowout, dune ridge, reten- 
tion ridge, swale, ephemeral pond, 
deflation plain, foredune, sand hum- 


Cover; and Figure 14 


mock, and sand plain. The plant 
communities that can be see include: 


European beachgrass 

seashore bluegrass--beach pea 

red fescue--dune goldenrod 

red fescue--seashore lupine 

sickle-leaved rush--springbank 
clover 

slough sedge--Pacific silverweed 

salal--evergreen huckleberry 

kinnikinnick/silver moss 

Hooker willow--Pacific wax-myrtle 

lodgepole pine/bristly manzanita 

Sitka spruce--lodgepole pine/- 
Hooker willow/Oregon beaked 
moss 

lodgepole pine/slough sedge 

Douglas fir/western rhododendron 
western hemlock--Sitka 
spruce/salal/deer fern 


The trail from the parking lot 
passes for a short distance over a 
ridge 


dune that is the eastern 
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Figure 11-2. Tenmile Creek sand dune area (Locality 22). The dotted line is 
a suggested exploratory route. The forest on the south side of Tenmile Creek 
is not shown. 
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margin of the dune system. There is 
DOUGLAS FIR/WESTERN RHODODENDRON 
forest on the side of the ridge, and 
on the top, an excellent example of 
LCDGEPOLE  PINE/BRISTLY MANZANITA 
forest. A short, branched staircase 
trail leads south to a large saucer 
blowout that is being stabilized by 
the RED FESCUE--DUNE GOLDENROD and 
KINNIKINNICK/SILVER MOSS communities. 
Beyond the staircase, the trail 
branches to the right; continue 
Straight ahead to emerge onto the 
active sand area. Both north and 
south from this point, a retention 
ridge is slowly invading the estab- 
lished forest. 


Straight ahead is the inner end 
of an oblique dune. From the top of 
this dune there is a good view of 
the entire area to be discussed. To 
the north and soutr are similar 
oblique dunes, including a very high 
one farther north that is apparently 


passing over a_ forested remnant, 
since there are both live and dead 
trees emerging from the _ crest. 


Transverse ridges can be seen moving 
up the flanks of the oblique dunes, 
especially out toward their seaward 
ends (the transverse-ridge pattern 
will be obscured by erosion in late 
winter). 


The deep holiows or swales be- 
tween the oblique dunes are usually 
wet and frequently contain ephemeral 
ponds. A sparse herbaceous and 
shrub vegetation frequently develops 
on these areas. Directly seaward 
from the crest of the dune is a 
forested remnant with a WESTERN 
HEMLOCK--SITKA SPRUCE forest com- 
munity on the top (indicating that 
it was probably a low area in the 
dune landscape at one time:). Al- 
though the remnant is being continu- 
ally eroded, the erosion is slow, 
and occurs in different places at 
different times--the development of 
vegetation (especially lodgepole 
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pine) on the slopes is evidence of 
this. On the south side of the 
remnant mound, near the base, is an 
exposure of the Pleistocene substra- 
tum. It is about 20 m long and 1.2 m 
thick. The surface 0.6 m is dark 
brown with a silty texture. The 
boundary with the underlying yellow- 
ish-brown sand is quite distinct. 


South of the forest remnant and 
its associated oblique dune to the 


east are a series of three low, 
vegetated areas characteristic of 
the deep interdune swales. The 


easternmost is mostly herbaceous and 
shrub with a few small trees. A 
pond is frequently seen here. The 
middle area has young forest (10- to 
15-yr-old lodgepole pine), while the 
westernmost has fairly old forest 
(25 to 35 vrs, a LODGEPOLE PINE/- 
SLOUGH SEDGE community). All. of 
these areas are being invaded from 
the north by sands blown in by the 
summer winds. Sand hummocks formed 
by Hooker willow and trough blow- 
outs are seen in this area. Both 
the SEASHCRE BLUEGRASS--BEACH PEA 
and RED FESCUE--DUNE GOLDENROD are 
developing as stabilizing vegetation 
in this area. 


The area between the’ forest 
remnants and windward ends of the 
oblique dunes and the shore defla- 
tion plain is an extensive’ sand 
plain on which the transverse-ridge 
pattern develops to a striking degree 
in the summer months. These ridges 
are most fully developed in late 
Summer and early autumn (August to 
October) before the winter storm 
winds begin eroding the profiles. 


Just west of the sand plain the 
shore deflation plain begins. A 
number of vegetation zones are evi- 
dent. At the active sand margin are 
EUROPEAN BEACHGRASS hummocks. As 
the contact with the water table 
moves inland, the hummocks are de- 











prived of blowing sand. The hummocks 
gradually erode away and the beach- 
grass slowly dies off. This is the 
second zone. in the third zone, 
various deflation plain herbaceous 
communities begin to become estab- 
lished, mostly the SICKLE-LEAVED 
RUSH--SPRINGBANK CLOVER ard SLOUGH 
SEDGE--PACIFIC SILVERWEED communi- 
ties, but also patches of RED 
FESCUE--SEASHORE LUPINE. Seaward of 
this third zone, the shrub communi- 
ties become obvious, again mostly 
HOOKER WILLOW--PACIFIC WAX-MYPTLE, 
but with some SALAL--EVERGREEN 
HUCKLEBERRY. Beyond this fourth 
zone, forest dominates in a _ fifth 
zone with lodgepole pine thickets. 
Sitka spruce becomes’ strikingly 
visible as the trees reach 3 to 5 m 
in height. This is the beginning of 
the SITKA SPRUCE--LODGEPOLE PINE/- 
HOOKER WILLOW/OREGON BEAKED MOSS 
community. It should be noted that 
zones 3 to 5 intergrade as a succes- 
sional sequence without distinct 
boundaries. Even in the herbaceous 
zone it is possible to find shrub 
and tree seedlings. 


The well-developed foredune can 
be reached by crossing the deflation 


plain, though passing through the 
shrub and tree thickets may be dif- 
ficult. There is also considerable 
standing water through winter and 
spring. Access to the beach is also 
possible by walking south along Ten- 
mile Creek. At about the point 
where the creek turns to the south, 
there iS an area where wood and 
soil profiles from a previous forest 
vegetation are being exposed by ero- 
sion. 


The Sitka spruce forest south of 
Tenmile Creek has developed on a de- 
flation plain resulting from the 
protecting influence of the creek. 
Sand blowing southward in summer is 
carried away by the creek. This 
forest, as well as the herbaceous 
and shrub vegetation in the bend of 
the creek right next to the water, is 
a good example of the riparian habi- 
tat. 


It is about 3.0 km from the 
parking lot to the beach. At least 
4 hrs should be allowed for a walk 
out and back. A full day of 6 to 8 
hrs would be better to permit time 
for a detailed look at this magnifi- 
cent dune system. ORV activity is 
prohibited in this area. 
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APPENDIX Ill 
LIST OF VASCULAR PLANTS OF THE DUNES 


Partial list of the vascular plant species of the sand dunes of the Pacific 
Northwest Coastal Region. Standard and English names taken from Hitchcock and 
Cronquist (1973) in most cases. Species found only below Latitude 43°N are 
from Munz and Keck (1959). In a few cases species are known by more than one 
standard name; these are indented and placed in parenthesis following the main 
entry. Many species have more than one English name, but only the most com- 
monly used name is listed. The numbers’ in parenthesis in the third column 
indicate the plant community in which the species is most likely to be found 
(refer to Table 8 for community name). The terms in the third column are 
defined at the end of the list. 















































Standard name English name Plant community and occurrence 
Abies grandis (Doug].) Forbes Grand fir (15,20) Common on dunes of 
northern California 

Abronia latifolia Eschsch. Yellow sandverbena {1) Dune-maritime endemic, common 
Abronia umbellata Lam. Pink sandverbena (1) Dune-rare 
Achillea borealis Bong. Yarrow (6) Widespread 

(Achillea millefolium L.) 
Agoseris apargioides (Less. ) Seaside agoseris (3) Dune 

Green 
Agrostis alba L. Redtop (6) Widespread 

(Agrostis ampla Hitchc.) 
Agrostis exarata Trin. Spike bentgrass (6) Widespread 
Agrostis pallens Trin. Dune bentgrass (3) Dune-maritime endemic, common 
Agrostis palustris (Huds.) Pers. Creeping bentgrass (6) Common 
Aira caryophyllea L. Silver hairgrass (3,6) Common 
Aira praecox L. Little hairgrass (3,6) Common 
Alnus rubra Bong. Red alder (14,17) Widespread 

nus oregona Nutt. ) 

Ambrosia chamissonis (Less. ) Silver bursage (1,3) Dune-maritime endemic 
~ Greene 





(Franseria chamissonis Less.) 
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Standard name 


English name 


Plant community and occurrence 





Ammophila arenaria (L.) Link 





Ammophila breviligulata Fernald 





Anaphalis margaritacea (L.) B. & H. 





Angelica hendersonii Coult. & Rose 





Anthoxanthum odoratum L. 





Arbutus menziesii Pursh. 





Arctostaphylos columbiana Piper 





Arctostaphylos uva-ursi (L.) Spreng 





Armeria maritima (Mill.) Willd. 





Artemisia pycnocephala (Less.) DC. 





Aster chilensis Nees. 





Aster subspicatus Nees. 





Baccharis pilularis DC. 





Blechnum spicant (L.) Roth 





Boschniakia hookeri Walpers. 





Botrychium multifidum (Gnel.) Trevis. 





Cakile edentula (Bigel.) Hook. 





Cakile maritima Scop. 





Cardamine oligosperma Nutt. 





Cardionema ramosissima 
(Weinm.) Nels. & Macbr. 


Carex lenticularis var. 
Timnophila m) Cronq. 
(Carex hindsii Clarke) 











Carex livida (Wah].) Willd. 





Carex macrocephala Willd. 





Carex obnupta Bailey 





Carex pansa Bailey 





Carex oederi Retz. 
(Carex viridula Michx.) 








Castilleja litoralis Pennell 





Centaurium umbellatum Gilib. 





Cerastium arvense L. 





European beachgrass 
American beachgrass 
Pearly everlasting 
Henderson's angelica 
Sweet vernalgrass 
Pacific madrona 
Bristly manzanita 
Kinnikinnick 

Thrift 

Beach sagewort 


Common C#lifornia 
aster 


Douglas aster 

Chaparral broom 

Deer-fern 

Smal] ground-cone 

Leathery grape-fern 
American searocket 
European searocket 

Little western bittercress 
Sandmat 


Hind's sedge 


Pale sedge 
Large-headed sedge 
Slough sedge 
Sand-dune sedge 


Green sedge 


Pacific paintbrush 


Centaury 
Field chickweed 
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(2) Dune-Common 
(2) Dune-uncommon 
(3,6) Widespread 
(3,6) Common 

(6) Widespread 
(16) Common 

(16) Common 

(13) Common 

(6) Common 

(5) Dune-common south of 43°N 
(6,7) Common 


(6,7) Common 

(12) Common south of 43° N 
(19,21) Occasional 

(15) Seprophyte-uncommon 
(8) Uncommon 

(1) Dune and beach 

(1) Dune and beach 

(6) Widespread 


(4) Common 


(7) * 


(7) * 

(3) Dune-common north of 43°N 
(8,18) Widespread 

(7,9) Common 

(7) * 


(6) Common 


(6) Common 


(6) Widespread 

















Standard name 


English name 


Plant community and occurrence 





Cerastium viscosum L. 





Convolvulus soldanella L. 
(Calystegia soidanella (L.) R. Brown) 








Cotula coronopifolia L. 





Cytisus scoparius (L.) Link 





Darlingtonia californica Torr. 





Daucus pusillus Michx. 





Distichlis spicata (L.) Greene 





Drosera rotundifolia L. 





Eleocharis palustris (L.) R. & S. 
(Heleocharis palustris (L.) R.& S.) 








Elymus mollis Trin. 





Epilobium watsonii Barbey 





Epipactis gigantea Doug]. 





Erechtites arguta DC. 





Erechtites minima (Poir.) DC. 
TErechtites prenanthoides misapplied) 





Erigeron glaucus Kerr. 





Eriogonum latifolium Sm. 





Erysimum menziesii (Hook.) Wettst. 





Festuca arundinacea Schreb. 





Festuca myuros L. 





Festuca rubra L. 





Fragaria chiloensis (L.) Duchesne 





Garrya elliptica Doug). 





Gaultheria shallon Pursh 





Gentiana sceptrum Griseb. 
Glehnia leiocarpa Mathias 
(Glehnia littoralis F. Schm.) 


Gnaphalium chilense Spreng 











Gnaphalium purpureum L. 


Habenaria greenei Jeps. 
(Habenar ta elegans 
var. maritima (Greene) Ames) 
(Genus Piperia of some authors) 








Sticky chickweed 
Beach morning glory 


Brass buttons 

Scot's broom 

California pitcher-plant 
Rattlesnake weed 
Seashore saltgrass 
Round-leaved sundew 
Creeping spike-rush 


American dunegrass 
Watson's willowherb 

Giant helleborine 
Cut-leaved coast fireweed 
Toothed coast fireweed 


Seaside daisy 
Coast eriogonum 


Menzies’ wallflower 


Tall fescue 

Rat-tail fescue 

Red fescue 

Coast strawberry 
Wavy-leaf silk-tassel 
Salal 

Staff gentian 
American glehnia 


Cotton-batting plant 
Purple cudweed 


Greene's bog-orchid 
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(6) Widespread 


(1,3) Dune-common 


(9) Salt marsh 

Ruderal 

(19) Insectivorous-uncommon 
(6) * 

(9) Salt marsh 

(7) Insectivorous-uncommon 


(9) * 


(1) Dune-common 
(6) Common 

(14) Uncommon 
(2) Occasional 
(2) Occasional 


(3) Common south of 43°N. 
(3) Common south of 43°N. 


(5) Dune-endemic to northern 
California 


(6) Widespread 

(6) Widespread 

(4,6) Widespread 
(1,3,5) Common 
(15,17) Occasional 
(11,15,17) Widespread 
(6) Occasional 


(1,3) Dune-maritime endemic, 
common 


(6) Common 


(6) Common 


(7) Occasional 

















Standard name 


English name 


Plant community and occurrence 





Holcus lanatus L. 





Hypericum anagalloides C. & S. 





Hypericum perforatum L. 





Hypochaeris radicata L. 





Juncus bufonius L. 





Juncus falcatus E. Meyer 
Juncus lesueurii Boland. 








Juncus nevadensis Wats. 





Lathyrus japonicus Willd. 





Lathyrus littoralis (Nutt.) Endl. 





Ledum glandulosum Nutt. 
Ledum groenlandicum Oeder 


Leontodon nudicaulis (L.) Merat 
TLeontodon Yeysseri (Wallr.) G. Beck) 


Lilaeopsis occidentalis C.&.R. 














Lolium perenne L. 





Lonicera involucrata (Rich.) Banks 





Lotus corniculatus L. 





Lotus formosissimus Greene 





Lupinus arboreus Sims 





Lupinus littoralis Doug!. 





Lupinus variicolor Steud. 





Lycopodium inundatum L. 
Lycopus uniflorus Michx. 
Madia sativa Mol. 








Maianthenum dilatatum (Wood) 
Ss. cbr. 


Mentha arvensis L. 


Mesembryanthemum chilense Mol. 

(Genus Carpobrotus of some authors) 
Mesembryanthemum edule L. 

(Genus Carpobrotus of some authors) 


Nimulus dentatus Nutt. 














Velvet-grass 

Bog St. John's-wort 
Common St. John's-wort 
Hairy cats-ear 

Toad rush 
Sickle-leaved rush 
Salt rush 

Sierra rush 

Maritime pea 

Beach pea 


Mountain Labrador-tea 
Bog Labrador-tea 
Hairy hawkbit 


Western lilaeopsis 
Perennial ryegrass 
Black twin-derry 
Birdsfoot-trefoi] 
Seaside lotus 
Tree lupine 
Seashore lupine 
(None ) 

Bog clubmoss 
Northern bugleweed 
Coast tarweed 


False lily-of-the valley 


Field mint 
Sea-fig 


Hottentot-fig 


Tooth-leaved monkey -flower 
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(6) Widespread 
(8) Common 
Ruderal 

(4,6) Widespread 
(7) Occasional 
(7) Common 
(4,5,7) Common 
(7) Common 

(2) Common 


(1,3) Dune-maritime endemic, 
common 


(19) Uncommon 
(14) Uncommon 
(4,16) * 


(8) Occasional 

(6) Widespread 

(14) Occasional 

(6) Occasional 

(6) Occasional 

(2,12) Common south of 43°N 
(3,4,6) Dune-common 

(3) Occasional south of 43°N 
(8) Uncommon 

(8) Occasional 

(12) * 


(17 Common 


(6) * 
(1) Dune-common in Locality 33 


{1) Dune-common in Locality 33 


(7) Common 











Standard name English name Plant community and occurrence 





Mimulus guttatus DC. 
Montia perfoliata (Donn) Howell 


Yellow monkey -flower (7) Widespread 





Miner's lettuce 
Common montia 


(11,14) Widespread 
(4) Common 
(14) Common 





Montia spathulata (Doug].) Howell 





Myrica californica Cham. Pacific wax-myrtle 





(14) Uncommon 


Oenothera cheiranthifolia Hornem. Beach evening primrose (5) Dune-maritime endemic, 
lia common south of 43°N 
rnem. ex. Spregn. m.) 


Myrica gale L. Sweet gale 





Orthocarpus castillejoides Benth. Paintbrush owl -clover (3,5) Occasional 








Orthocarpus purpurascens Benth. 





Orthocarpus pusillus Benth. 





Parentucellia viscosa (L.) Car. 





Phacelia argentea Nels. & Macbr. 





Phacelia bolanderi Gray 





Picea sitchensis (Bong.) Carr. 





Pinus contorta Doug). 





Plantago hookeriana F. & M. 





Plantago lanceolata L. 





Plantago maritima L. 





Poa confinis Vasey 


Poa macrantha Vasey 
(Poa douglasii Nees) 


Polygonum hydropiperoides Michx. 





Polygonum paronychia C. & S. 





Polypodium glycyrrhiza D.C. Eat. 





Polypodium scouleri Hook. & Grev. 





Polypogon monspeliensis (L.) Desf. 





Potentilla pacifica Howell 
(PotentTlTa egedii var. grandis 
TRydb.) J.T. Howell 





Potentilla palustris (L.) Scop. 





Prunella vulgaris L. 





Pseudotsuga menziesii (Mirbel) 
Franco 





Common owl -clover 
Dwarf owl -clover 
Yellow parentucellia 
Silvery phacelia 


Bolander's phacelia 
Sitka spruce 
Lodgepole pine 
Hooker's plantain 
English plantain 
Seaside plantain 
Coastline bluegrass 


Seashore bluegrass 


Water pepper 
Black knotweed 


Licorice-fern 
Scoulers polypody 
Annual Beard-grass 


Pacific silverweed 


Marsh cinquefoil 


Sel f-heal 
Douglas fir 
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(3) Occasional 
(6) Widespread 
(6) Widespread 


(1,3) Dune-uncommon to rare, 


south of 43°N 


(1,3) Dune, occasional 


(17,21) Widespread 


(15,16,17,18) Widespread 


(5) Occasional 
Ruderal 
(9) Occasional 


(3) Common 


(3,4,5) Dune-maritime endemic, 


common 


(10) Occasional 


(3,4,5) Dune-maritime endemic, 


common 
(4,6) Occasional 
(17) Uncommon 
(7) Occasional 


(8) Common 


(8) Common 
(6) Widespread 
(20) Widespread 











ds 





Standard name 


English name 


Plant community and occurrence 





Pteridium aquilinum (L.) Kuhn 





Ranunculus flammula L. 





Rhododendron macrophyllum G. Don 





Rubus ursinus C. & S. 





Rumex acetosella L. 





Rumex crispus L. 





Rumex maritinus 





Sagina crassicaulis Wats. 





Sagina procumbens L. 





Salix hookeriana Barratt 





Salix piperi Bebb 





Sanicula arctopoides H. & A. 





Sanicula crassicaulis Poepp. 





Satureja douglasii (Benth.) Brig. 





Scirpus americanus Pers. 





Scirpus validus Vah1. 


Scrophularia californica Cham. 
t EchTecht. 


Senecio jacobaea L. 











Senecio vulgaris L. 
Sisyrinchium angustifolium Mill. 
(eT syencht un eeTtun Wats. ) 
pura um californicum (Ker. -Gaw] ) 
an . 


Solidago spathulata DC. 














Spiranthes romanzoffiana Cham. 





Spiraea douglasii Hook. 





Stellaria media (L.) Cyril:. 


Tanacetum douglasii DC. 
(Tanacetum camphoratum, misapplied) 


Thuja plicata Donn. 








Trifolium wormskjoldii Lehn. 





Tsuga heterophylla (Raf.) Sarg. 





Typha latifolia L. 





Bracken 

Creeping buttercup 
Western rhododendron 
Pacific blackberry 
Red sorre] 

Curly dock 

Seaside dock 


Stick-stemmed pe*:'lwort 


Procumbent pearlwort 
Hooker willow 
Piper's willow 
Snake-root 

Pacific sanicle 
Yerba buena 
Three-square bulrush 
Tule 

California figwort 


Tansy ragwort 
Common groundsel 


Blue-eyed grass 


Golden-eyed grass 


Dune goldenrod 

Hooded ladies’ tresses 
Douglas's spirea 
Chickweed 

Dune tansy 


Western red cedar 
Springbank clover 
Western hemlock 


Common cat-tail 
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(3,11) Widespread 
(7} Common 

(15,20) Widespread 
(3,12) Occasional 
Ruderal 

(9) Occasional 

(1) Beach-occasional 
(7) * 

(7) * 

(14,17) Widespread 
(14) * 

(3) Dune-occasional 
(15) Occasional 
(15) Widespread 
(10) Widespread 
(10) Widespread 


(12) Widespread 


Rude:-al 
Ruderal 
(7) Occasional 


(7) Common 


(4,5) Dune-common 
(7) Occasional 
(10) Widespread 
(6) Widespread 


(1,3) Dune-maritime endemic, 
common 


(19) Widespread 
(7) Common 

(21) Widespread 
(10) Widespread 
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Standard name English name Plant community and occurrence 











Ulex europaeus L. Gorse Ruderal 
Vaccinium ovatum Pursh Evergreen huckleberry (11,15,20) Widespread 
Veronica scutellata L. Marsh speedwel! (8) Common 











Terms used in the third column: 
Dune - Occurs primarily or exclusively on sand dunes. 
Maritime endemic - Occurs only on the beaches and dunes of the Pacific coast of North America. 
Salt marsh - Occurs primarily in salt marsh habitats. 


Ruderal - Weedy and commonly introduced plant growing on disturbed areas; not characteristic of 
any particular community. 


Widespread - Occurs widely on dune and non-dune habitats; ubiquitous; obvious in the landscape. 


Common - Refers to occurrence in appropriate dune habitats. These species are also found in 
similar non-dune habitats, but are not highly visible components of the landscape. 


Occasional - Refers to occurrence in appropriate dune habitats. Occur sporadically, not always 
present in the habitat. 


Uncommon - Not often encountered on the dunes. 
sd - Information on occurrence lacking. 


114 


BEST COPY AVAILABLE 








APPENDIX IV 
LIST OF VERTEBRATE ANIMALS OF THE DUNES 


A. Birds. Sources of information: Pinto et al. 1972; University of 
Washington 1974; Checklist of the birds of the Lanphere-Christensen Dunes 
Preserve, Arcata, California, December, 1982; S.G. Herman and A.M. 
Wiedemann, The Evergreen State College, Olympia, Washington, unpublished 
field notes. Only species actually observed on the dunes are included in 
this list. Standard and English names and the order of listing follows 
that shown in the Thirty-fourth supplement of the American Ornithologist's 
Union check-list of North American Birds (Supplement to the Auk, Volume 
99, No. 3, July, 1982). See the end of the table for explanation of the 








abbreviations. 
English name Habitats REL SEA 
(Standard name) BE OS LP MA RY GH ST FO NUM STA 
Red-throated Loon x u/u-swW/w 


(Gavia stellata) 





Arctic Loon x u/us w/w 
(Gavia arctica) 





Common Loon x c/u ss w/w 
(Gavia Immer) 





Pied-billed Grebe x XK xX c/u r/r 
(Podilymbus Podiceps) 





Horned Grebe x xX a/us w/w 
(Podiceps auritus) 





Red-necked Grebe x xX u/us— w/w 
(Podiceps grisegena) 





Eared Grebe x xX u/us w/w 
{Podiceps nigricollis) 








Western Grebe x a/c =o w/w 
(Aechmophorus occidentalis) 
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English name Habitats REL SEA 
(Standard name) NUM STA 
Double-crested Cormorant x a/c r/r 
(Phalacrocorax auritus) 
Pelagic Cormorant x c/c_ r/r 
(Phalacrocorax pelagicus) 
American Bittern x x u/u_ r/r 
(Botaurus lentiginosus) 
Great Blue Heron x x xX c/c_ r/r 
(Ardea herodias) 
Great Egret x xX xX u/c w/r 
(Casmerodius albus) 
Snowy Egret x xX /r /r 
(Egretta_ thula) 
Cattle Egret x xX r/ju r/r 
(Bubulcus ibis) 
Green-backed Heron x x xX r/r r/r 
(Butorides striatus) 
Black-crowned Night-Heron x xX u/u_sr/r 
(Nycticorax nycticorax) 
Tundra Swan x xX x c/u w/w 
(Cygnus columbianus) 
Canada Goose x c/c m/w 
(Branta canadensis) 
Wood Duck x x xX u/u_r/r 
(Aix sponsa) 
Green-winged Teal x xX c/u- w/w 
(Anas crecca) 
Mallard x “x xX xX c/c r/r 
(Anas platyrhyncos) 
Northern Pintail x xX x a/c w/w 
(Anas acuta) 
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English name Habitats REL SEA 
































(Standard name) BE OS LCP MA RI GM ST FO NUM STA 
Blue-winged Teal x xX u/u-  m/r 
(Anas discors) 

Cinnamon Teal x xX x u/c s/s 
(Anas cyanoptera) 

Northern Shoveler x xX u/c w/w 
(Anas clypeata) 

Gadwal] x x u/uswW/w 
(Anas strepera) 

American Wigeon x xX x a/us w/w 
(Anas americana) 

Canvasback x x u/u ss w/w 
(Aythya valisineria) | 

Redhead x , u/usW/w 
(Aythya americana) 

Ring-necked Duck x xX u/u- w/w 
(Aythya collaris) 

Greater Scaup x xX c/u_ w/w 
(Aythya marila) 

Lesser Scaup x xX u/u- ss w/w 
(Aythya affinis) 

Common Goldeneye x xX u/u-s w/w 


(Bucephala clangula) 





Buf flehead x xX c/u_ w/w 
(Bucephala albeola) 





Hooded Merganser x u/r r/w 
(Lophodytes cucullatus) 





Red-breasted = x u/u-s w/w 
(Mergus serrator 





Ruddy Duck x xX u/u-s w/w 
(Oxyura jamaicensis) 
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English name Habitats REL SEA 
(Standard name) NUM STA 
Turkey Vulture x c/c_ s/s 
{Cathartes aura) 
Osprey x x% xX u/c s/s 
(Pandion haliaetus) 
Black-shouldered Kite x r/u r/r 
(Elanus caeruleus) 
Bald Eagle x r/r r/w 
(Haliaeetus leucocephalus) 
Northern Harrier x x u/c r/r 
(Circus cyaneus) 
Sharp-shinned Hawk u/u- so r/r 
(Accipiter striatus) 
Cooper's Hawk x u/u-s r/r 
(Accipiter cooperii) 
Red-tailed Hawk u/c r/r 
(Buteo jamaicensis) 
Rough-legged Hawk u/u-s w/w 
(Buteo lagopus) 
American Kestrel x u/c r/r 
(Falco sparverius) 
Merlin x x u/r w/w 
(Falco columbarius) 
Peregrine Falcon x x r/r w/w 
(Falco peregrinus) 
Ring-necked Pheasant u/r r/w 
(Phasianus colchicus) 
California Quail u/c r/r 
(Callipepla californica) 
Virginia Rail x r/u r/r 
(Rallus limicola) 
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English name Habitats REL SE? 












































(Standard name) BE OS LP MA RY GM ST FO NUM Sin 
American Coot x xX x a/u_ r/w 
(Fulica americana) 

Black-bellied Plover x x x c/c w/w 
(Pluvialis squatarola) 

Snowy Plover x xX u/r r/m 
(Charadrius alexandrinus) 

Semipalmated Plover x u/uessam/ 
(Charadrius semipalmatus) 

Killdeer x x c/c r/w 
(Charadrius vociferus) 

Greater Yellowlegs x x u/c w/w 
(Tringa melanoleuca) 

Lesser Yellowlegs x x u/c —s m/m 
(Tringa flavipes) 

Willet x x u/c m/w 
(Catoptrophorus semipalmatus) 

Spotted Sandpiper x x u/u__— s/s 
(Actitis macularia) 

Whimbrel x x Xx x u/c 3=—_—« m/m 
(Numenius phaeopus) 

Long-billed Curlew x x xX x u/u-ss m/w 
(Numenius americanus) 

Marbled Godwit x x u/c m/r 


(Limosa fedoa) 





Sanderling x x 
(Calidris alba) 





Western Sandpiper x x a/a m/w 
(Calidris mauri) 





Least Sandpiper x x a/c SOs w/w 
(Calidris minutilla) 
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English name Habitats REL SEA 
(Standard name) NUM STA 
Baird's Sandpiper x r/r m/m 
(Calidris bairdii) 

Pectoral Sandpiper x r/r = m/m 
(Calidris melanotos) 

Dunlin x c/a w/w 
(Calidris alpine) 

Short-biT1 itcher x c/us m/m 
(Limnodromus griseus) 

Long-billed Dowitcher x u/u-s m/m 
(Limnodromus scolopaceus) 

Common Snipe x c/c w/w 
(Gallinago gallinago) 

Red-necked Phalarope x a/u ss m/m 
(Phalaropus lobatus) 

Red Phalarope x u/uss m/m 
(Phalaropus fulicaria) 

Bonaparte's Gull x a/u ss m/m 
(Larus philadelphia) 

Heermann's Gull x c/c_ s/s 
(Larus heermanni ) 

Mew Gull x a/u ss w/w 
(Larus canus) 

Ring-billed Gull x c/c r/w 
(Larus delawarensis) 

California Gull x a/c so w/w 
(Larus californicus) 

Western Gull x a/c or/r 
(Larus occidentalis) 

Glaucous-winged Gull x x a/c or/w 


(Larus glaucescens) 
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English name Habitats REL SEA 









































(Standard name) BE OS LP MA RY GM ST FO NUM STA 
Black-legged Kittiwake x x u/u-s w/w 
(Rissa tridactyla) 

Caspian Tern x x r/c s/s 
(Sterna caspia) 

Band-tailed Pigeon x c/u s/m 
(Columba fasciata) 

Mourning Dove x x u/c s/s 
(Zenaida macroura) 

Common Barn-Ow! x x u/c r/r 
(Tyto alba) 

Western Screech-Ow] x u/u-s r/r 
(Otus kennicottii) 

Great Horned Owl x x xX u/c r/r 
(Bubo virginianus) 

Snowy Ow! x x r/ w/ 

(Nyctea scandiaca) 

Northern Pygmy-Ow! x r/r /r 

(Glaucidium gnoma) 

Short-eared Owl x x x u/u-s w/w 
(Asio flammeus) 

Common Nighthawk x x xX u/u_—s s/s 
(Chordeiles minor) 

Vaux's Swift x u/u-s s/s 
(Chaetura vauxi ) 

Anna's Hummingbird x x Jc =f 

(Calypte anna) 

Rufous Hummingbird x xX xX a/c s/s 


(Selasphorus rufus) 





Allen's Hummingbird x r/c s/s 
(Selasphorus sasin) 
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English name Habitats REL SEA 



































(Standard name) BE OS LP WMA RY GM ST FO NUM STA 
Belted Kingfisher x x xX XX u/c r/r 
(Ceryle alcyon) 

Red-breasted Sapsucker x u/u-s r/r 
(Sphyrapicus ruber) 

Downy Woodpecker x x u/c r/r 
(Picoides pubescens) 

Hairy Woodpecker x u/u-s r/r 
(Picoides villosus) 

Northern Flicker xX -® xX xX c/c r/r 
(Colaptes auratus) 

Pileated Woodpecker x u/us r/r 
(Dryocopus pileatus) 

Olive-sided Flycatcher x a/c s/s 
(Contopus borealis) 

Western Wood-Pewee x u/u_— s/s 
(Contopus sordidulus) . 

Willow Flycatcher x XxX x u/u_—— s/s 
(Empidonax traillii) 

Western Flycatcher x X c/c_ s/s 
(Empidonax difficilis) 

Black Phoebe x xX /c /r 
(Sayornis nigricans) 

Tree Swallow x x xX x a/c — S/s 


(Tachycineta bicolor) 





Violet-green Swallow x x XxX x u/c s/s 
(Tachycineta thalassina) 





Northern Rough-winged Swallow x x xX x u/u_—s s/s 
(Stelgidopteryx serripennis) 





Bank Swallow x x r/r s/s 
(Riparia riparia) 
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English name Habitats REL SEA 












































(Standard name) BE 0S LP MA RY GY ST FO NUM STA 
Cliff Swallow x x x a/c s/s 
(Hirundo pyrrhonota) 

Barn Swallow x x xX x a/a__ s/s 
(Hirundo rustica) 

Steller's Jay x c/c r/r 
(Cyanocitta stelleri) 

American Crow x x x xX xX a/c r/r 
(Corvus brachyrhynchos) 

Common Raven x x xX x u/c r/r 
(Corvus corax) 

Black-capped Chickadee x x xX u/ r/ 

(Parus atricapillus) 

Chestnut-backed Chickadee x x xX a/a_ r/r 
(Parus rufescens) 

Bushtit x x xX a/u r/r 
(Psaltriparus minimus) 

Red-breasted Nuthatch x x u/u—s s/S 
(Sitta candensis) 

Brown Creeper x x u/u_s r/r 
(Certhia americana) 

Bewick's Wren x x xX c/c r/r 
(Thryomanes bewickii) 

Winter Wren x c/c r/r 
(Troglodytes troglodytes) 

Marsh Wren x xX c/c r/r 


(Cistothorus palustris) 





Golden-crowned Kinglet x x c/c r/r 
(Regulus satrapa) 





Ruby-crowned Kinglet x x xX c/a r/w 
(Regulus calendula) 
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English name Habitats REL SEA 
(Standard name) NUM STA 
Townsend's Solitaire x u/u)ss m/m 
(Myadestes townsendi ) 

Swainson's Thrush x a/c—Or S/s 
(Catharus ustulatus) 

Hermit Thrush x a/a_ r/r 
(Catharus guttatus) 

American Robin x a/a_ r/r 
(Turdus migratorius) 

Varied Thrush x a/c w/r 
(Ixoreus naevius) 

Wrentit c/c r/r 
(Chamaea fasciata) 

Water Pipit x x c/c w/w 
(Anthus spinoletta) 

Cedar Waxwing x c/c r/m 
(Bombycilla cedrorum) 

Northern Shrike x u/u-—Ss W/w 
(Lanius excubitor) 

European Starling x x a/a_ r/r 
(Sturnus vulgaris) 

Hutton's Vireo u/c r/r 
{Vireo huttoni) 

Warbling Vireo u/u-—s s/m 
(Vireo gilvus) 

Orange-crowned Warbler x a/c s/s 
(Vermivora celata) 

Yellow Warbler x u/ s/ 
(Dendroica petechia) 

Yel low-rumped Warbler x c/a r/w 


(Dendroica coronata) 
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English name Habitats REL SEA 
(Standard name) NUM STA 
Hermit Warbler x u/u-s s/r 
(Dendroica occidentalis) 

MacGillivray's Warbler x u/u_—s s/s 
(Oporornis tolmiei ) 

Common Yellowthroat x xX u/u-—s s/s 
(Geothlypis trichas) 

Wilson's Warbler x xX xX c/c_ s/s 
(Wilsonia pusilla) 

Yellow-breasted Chat x r/u s/s 
(Icteria virens) 

Black-headed Grosbeak x x u/u_— s/s 
(Pheucticus melanocephalus) 

Rufous-sided Towhee x x xX c/c ri/w 
(Pipilo erythrophthalmus) 

Savannah Sparrow x xX a/c or/r 
(Passerculus sandwichensis) 

Fox Sparrow x xX x u/c r/r 
(Passerella iliaca) 

Song Sparrow xX -W% xX c/c r/r 
(Melospiza melodia) 

Golden-crowned Sparrow xX -W xX u/c w/w 
(Zonotrichia atricapilla) 

White-crowned Sparrow xX x xX a/c —sor/r 
(Zonotrichia leucophrys) 

Dark-eyed Junco x x xX a/c Oso r/r 
(Junco hyemalis) 

Red-winged Blackbird x x xX c/c r/r 
(Agelaius phoeniceus) 

Western Meadowlark xX XxX c/c ri/w 


(Sturnella neglecta) 
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English name Habitats REL SEA 




















(Standard name) BE OS CP MA RY GM ST FO NUM STA 
Brewer's Blackbird x x -W% xX XxX X c/c r/r 
(Euphagus cyanocephalus) 

Brown-headed Cowbird x x XxX xX c/c s/r 
(Molothrus ater) 

Northern Oriole Xx x /u /s 
(Icterus galbula) 

Purple Finch x x a/c —or/r 
(Carpodacus purpureus) 

House Finch x xX x u/c r/r 
(Carpodacus mexicanus) 

Red Crossbil] x c/c r/r 


(Loxia curvirostra) 





Pine Siskin x x c/c r/r 
(Carduelis pinus) 





Lesser Goldfinch x x u/c = s/S 
(Carduelis psaltria) 





American Goldfinch x xK xX a/c r/s 
(Carduelis tristis) 








B. Amphibians, Reptiles, and Mammals. Sources of information: Pinto et al. 
1972; S.G. Herman and A.M. Wiedemann, The Evergreen State College, 
Olympia, Washington, unpublished field notes. Only species observed on 
the dunes are included in this list. See the end of the table for 
explanation of the abbreviations. 











English name Habitats REL 
(Standard name) BE OS LP MA RY GM ST Fo NUM 
Amphibians 

Northwestern Salamander x x 


(Ambystoma gracile) 
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English name Habitats REL 
(Standard name) BE 0S LP MA RI GM ST FO NUM 





Pacific Giant Salamander x 
(Dicamptodon ensatus) 





Rouch-skinned Newt x x xX x a 
(Taricha granulosa) 





Dunn's Salamander x x 
(Plethodon dunni) 





Western Red-backed Salamander x x Cc 
(Plethodon vehiculum) 





Oregon Salamander | x x c 
(Ensatina eschscholtzi 
oregonensis) 








Western Toad x xX 
(Bufo boreas) 





Pacific Treefrog x xX x x® X a 


(Hyla regilla) 


Red-legged Frog x -W® XxX xX X X 
(Rana aurora) 





Bullfrog x x xX Cc 
(Rana catesbeiana) 





Reptiles 





Northern Alligator Lizard x x Cc 
(Gerrhonotus coeruleus) 





Common Garter Snake x x xX xX xX Cc 
(Thamnophis sirtalis) 





Northwestern Garter Snake x Cc 
(Thamnophis ordinoides) 





Mammals 





Trowbridge Shrew x Cc 
(Sorex trowbridgei) 





Vagrant Shrew x x X Cc 
(Sorex vagrans) 
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English name Habitats REL 
(Standard name) BE OS CP MA RY GM ST FO NUM 





Pacific Shrew x Cc 
(Sorex pacificus) 





Shrew-mole x c 
(Neurotrichus gibbsi) 





Pacific Mole x x xX a 
(Scapanus orarius) 





Yuma Myotis x u 
(Myotis yumanensis) 





California Myotis x Cc 
(Myotis californicus) 





Hoary Bat x 
(Lasiurus cinereus) 





Black Bear x x 
(Ursus americanus) 





Racoon x x -x xX XxX X Cc 
(Procyon lotor) 





Longtail Weasel x 
(Mustela frenata) 





Mink x x xXx xX X Cc 
(Mustela vison) 





River Otter x x Cc 
(Lutra canadensis) 





Spotted Skunk x Cc 
(Spilogale putorius) 





Striped Skunk x x xX xX Cc 
(Mephitis mephitis) 





Coyote x u 
(Canis latrans) 





Gray Fox Xx 
(Urocyon cinereoargenteus ) 
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English name Habitats REL 
(Standard name) BE OS LIP MA RI GH ST Fo NUM 





Beechey Ground Squirrel x x xX Cc 
(Citellus beecheyi ) 





Townsend Chipmunk x a 
(Eutamias townsendi ) : 





Chickaree x a 
(Tamiasciurus douglasii) 





Northern Flying Squirrel x u 
(Glaucomys sabrinus) 





Beaver x x xX x xX Cc 
(Castor canadensis) 





Deer Mouse x x x xX xX a 
(Peromyscus maniculatus) 





Bushytail Woodrat x Cc 
(Neotoma cinerea) 





California Redback Vole x Cc 
(Clethrionomys occidentalis) 





Townsend Vole x xX xX xX a 
(Microtus townsend?) 





Oregon Vole x xX x 
(Microtus oregoni ) 





Muskrat x xX xX Cc 
(Ondatra zibethica) 





Pacific Jumping Mouse x Cc 
(Zapus trinotatus) 





Brush Rabbit x x xX a 
(Sylvilagus bachmani ) 





Mule Deer x x x x xX a 
(Odocoileus hemionus) 
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Habitats 
BE - Beach 
OS - Open sand 
LP - Lakes and ponds 


REL NUM - Relative Numbers 





a - abundant 
Cc = common 

u - uncommon 
r - rare 





MA - Marsh ST - Shrub thicket 
RI - Riparian FO - Forest 
GM - Meadow 


SEA STA - Seasonal Status 





r - resident 
Ss - summer visitor 
w - winter visitor 
m - migrant 


The left side of the slash refers to Washington and north and central Oregon; 
the right side to southern Oregon and northern California. The absence of a 
letter indicates the species has not been observed in that part of the region 
or that data is not available. 
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(See ANS!-Z39.18) OPTIONAL FORM 272 (4577) 
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Depanmert of Commerce 
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Services. Washington DC 


™ Eastern Energy and Land Use Team 


Leetown WV 


@ National Coastal Ecosystems Team 


Slideli LA 


Western Energy and Land Use Team 


Ft Collins. CO 


@ Locations of Regional Offices 


REGION 1 
Regional Director 
U.S. Fish and Wildlife Service 


Lloyd Five Hundred Building, Suite 1692 


500 N.E. Multnomah Street 
Portland, Oregon 97232 


REGION 4 

Regional Director 

U.S. Fish and Wildlife Service 
Richard B. Russell Building 
75 Spring Street, S.W. 
Atlanta, Georgia 30303 














Headquarters. Division of Biological 





REGION 2 

Regional Director 

U.S. Fish and Wildlife Service 
P.O. Box 1306 

Albuquerque, New Mexico 87103 


REGION 5 

Regional Director 

US. Fish and Wildlife Service 

One Gateway Center 

Newton Corner, Massachusetts 02158 


REGION 7 

Regional Director 

US. Fish and Wildlife Service 
1011 &. Tudor Road 
Anchorage, Alaska 99503 


15.2 


REGION 3 

Regional Director 

U.S. Fish and Wildlife Service 
Federal Building, Fort Snelling 
Twin Cities, Minnesota 55111 


REGION 6 

Regional Director 

U.S. Fish and Wildlife Service 
P.O. Box 25486 

Denver Federal Center 
Denver, Colorado 80225 
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we US. FISH AND WILDLIFE SERVICE 


As the Nation's principal conservation agency, the Department of the interior has respon- 
sibility for most of our nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resources, protecting our fish and wildlife, 
preserving the environmental and cultural values of our national parks and historical places, 
end providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department aiso has a major responsibility for 
American indian reservation communities and for people who live in isiend territories under 
U.S. administration. 
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